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PREFACE

This study, Complex Syllable Nuclei in Vietnamese, is

the sixth publication in the series Studies in the Phonology of

Asian Languages. It is a result of a research project sponsored

by the ODffice of Naval Research, whose financial support of the
projJect is gratefully acknowledged. This volume serves as a
technical report for the contract NR 049-183, Nonr 228(28).

The first volume of the series, Acoustic Phonetics of

Korean, Technical Report No. I, was devoted to the acoustic-
phonetic study of Korean vowels. The second volume was Dura-

tion of Korean Vowels; the third, Acoustic Characteristics of

Korean Stop Consonants: the fourth, Vietnamese Vowels; and the

fifth, Acoustic Features in the Manner-Differentiation of Korean

Stop Consonants. The present volume, VI,is devoted to the study

of complex syllable nuclei in Vietnamese. Studies on other pho-
nological features of Korean, Vietnamese, and other Asian lan-
guages are in progress and the results will he reported in the
near future.

Much of the experimental work of this study was carried

out by Michael Earle, while the editorial work was done by Haruo

Furukawva and Sylvia Buck.

Mieko S. Hen

Los Angeles, California

Januury 1968
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Chapter 1

PROBLEMS IN THE ANALYSIS OF
VIETNAMESE COMPLEX SYLLABLE NUCLEI

In volume IV of this series, Studies in the Phonology

of Asian Lanzucges: Vietnamese Vowel., the eleven simple vowel

phonemes of the Hanoi dialect of Vietnawese were studied and
described. Formant 1 and Formant 2 of the eleven vowels were
measured and analysed:; the domains of the vowel phonemes
relative to one another were studied: tonal =nd consonantal
influences on vowel quality were noted: and a study on the
inherent duration of each of the eleven vowels was carried out.
The eleven simple vowels occur as syllable nuclei car-
rying one of the six phonemically distinct tones, In addition
to these simple vowels, there are certain other sequences
which also occur as s8yllable nuclei, Such sequences are
fcound in the following examples.

1) The sequences spelled:

vé- as in "yém" (to salt or pickle)
-i8- as in "ti8n" (immortal)
-ia as in “tia" (jJet; ray)

These three sequences all secem to have similar phonetic
gualities in that they all sound like a high front unrounded

vowel [1i] which changes to a mid front vowel slightly more
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centralized than [e]. This sequence is tentatively tran-
scribted (I3].

2) The sequences spelled:

~-ub'~ as in "tudng" (vean sauce)
-uk as in "tyh" (preface)

These two sequences both sound like a high central un-
rounded vowel [w] which moves to & mid central unrounded vowel.
Our tentative phonetic symbolization for this sequence is [uiZ].

3) The sequences spelled:

-ud- as in "tudn' {to throng)
-ue as in "tua" (fringe)

These two sequences both sound like a high back rounded
vowel [u] which moves to & mid back vowel slightly more central-
ized than [o0]. Our phonetlc symbolization for this sequence
is (Ue].

The first segments of each of these sequences [I;],
{uz], and [U®] have been analysed as /i/ /w/ and /u/ by most
analysts who have worked on Vietnamese phonology, but the
second seguents have caused disagreement. Auditory impressions
of [3], {#], and [08] vary depending on the hearer's own speech
background. The American English speaker tends to hear all
three as something like schwa [8], while speakers of other
language backgrounds may hear something else.

These three complex syllablé nuclei are heard as being
distinctly different from the combination of & vowel plus a

semivowel. The stress on the second element of the sequences,
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(13], [wz), and [UG], is heard as being at least equal to the
stress on the first element. This suggests the presence of
two target vowel gqualities rather than a vowel plus a semivowel,

Vith regard to articulatory characteristics, all three
sequences have tongue movement from higher to lower position.
It is observed that the second segment of [13] is pronounced
with the lips noticeably less spread thaa they are for [e].
The second segment of [U8] has much less lip rounding than [o].

The several analysts who have worked on Vietnamese
phonology disagree in the analysis of these three complex syl-
lable nuclei. The analyses of Nguyén Pinh Hod, Lé&-Van-Ly,
Murray B. Emeneau, and Laurence C., Thompson concerning the
complex syllable nuclei in Vietnamese are summarized in the
following paragraphs. It will be noted that their interpre-
tations vary considerably. Only those portions of their works
wvhich deal explicitly with the phonemic analysis of the problem
are presented here. One liberty which has beenvtaken in
presenting their analyses is the modification of their phonemic
notation to make it conform to that used in this work. This
was done to facilitate the understanding of the points of dif-
ference between these analysts and to enable one to compare
their analyses.

Hoal analyses the above mentioned complex nuclei as

"vowel clusters' that are composed of /i/, /w/, /u/ plus the

lNguyén Pinh Hoa, Speak Vietnaemese (Rev. ed.; Rutland
& Tokyo: Charles E. Tuttle Co.: Publishers, 1966).
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phoneme /A/. Therefore,

"tién" is analysed as /tian/
"tuoh" is enalysed as /twan/
"tubn" is analysed as /tuan/

According to Hoa's analysis, the second segment of each of the
three complex nuclei is regarded as being the same phoneme [A]
in all three cases.

Emeneau's analysis® is similar to that of Hod's.
Emeneau describes tha clusteryg in question as involving move-
ment from the higher vowels /i, w, u/ to /A/. He interprets
the clusters phonetically as [i4]2, [wual, and [up] and phone-
mically &8 /in/, /wa/, and /una/, respectively.

On the other hand, Lé-Vﬁn-Li3 analyses the sequences as
[ie], [wa], and [uo] and stresses the "monophonematic" char-
acter of the sequences, saying that the two constituent
elements [i) and [e)], [w] and [2), and [u] and [o] are indis-
gsociable, thus proving that they are single phonemes. This

makes the total inventory of Vietnamese vowels as follows:

lMurray B. Emeneau, "'Studies in Vietnamese (Annamese)
Grammar,”" University of California Publications in Linguistics,
VIII (1951), 107f.

2[Q] = unstressed [A]

, 3Lé7VEn:L§, Le Parlar Vietnamien (2nd ed.; Saigon:
B8 Quoc-Gida Gido-Duc, 1960).
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/1/ Jw/ /u/t

fie/ Jwa/ [uo/

le/ /a/ [of

/e/ /n/ /2/
/A/ /a/

Laurence C. Thompson® views a "vowel cluster" as that
whiech conteins two dissimilar vowels in sequence, neither of
which is enough less prominent than the otherlto qualify as a
semivowel. In Thompson's analysis the sequences spelled
"-ie,” "-ula," "-ua" in final position are /i, w, u/ followed
ty /A/, while the sequences spelled "-i&-," '"-uwo-," "-u8-" in
medial postion are fi/ + Je/, /w/ + [8/, and fu/ + /o/, respec~
tively.

The main point cf disagreement in the various analyses
seems to spring from the varying interpretations of the pho-
netic guality of the second segment in question. The first
question is, then, are the sequences [I3], [wI], [UB]) three
separate phonetic movements from three high vowels to three

mid vowels as diagramei below,

R

. lNote that this table is from Vin-Ly, Le Parler
Vietnamien, pp. 43-4Y4, Dut the symbols have been changed to
follow those used in this study.

2Laurence C. Thompson, A Vietnamese Grammar (Seattle:
University of Washington Press, 1965), pp. 30ff.
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or are the three segments tentatively described as [3], [#],
[6] phonetically similar enough to be interpreted as one mid
central vowel [2], as the following diagram shcws?

I w U |

|

Also, are the differences between the sequences spelled -ia,
-wa, and -ua in open syllables and those speiled ~id-, -udbl,
and -ud~- in closed syllables so great that they should be con-
sidered as tvo different syllable nuclei, or is the difference
a conditioned one?

In orde. to arrive at a satisfactory phonetic and pho-
nemic interpretation of these complex nuclei, techniques of
acoustic-phonetic analysis with the aid of the sound spectro-
graph were applied. 1In this way the impressions based on
hearing were re-examined and re-evaluated. Data obteained by
the spectrograph offer objective facts concerning speech
sounds, while human interpretation of these scunds is often
subjective, being influenced by the speaker's language back-
ground.

The major part of investigation of this study will be
concerned with determining the target qualities of the com-
plex nuclei segments, i.e., whether or not the second seg-
ments of these nuclei are actually all one vowel or three dif-
ferent vowels, and what are the conditioned variants, if any.

After a careful examination a phonemic interpretation of

the complex nuclei will be proposed.
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Chapter 2

MATERIALS AND TECHNIQUE

This chapter describes briefly the materials and tech-

nique used in the analysis, the results of which will be de-

scribed in subsequent chapters.

Informants

The four informants who supplied data for analysis are
the same as those who assisted in our previous study of Viet-

namese Vowels, Vol. IV of this series. Biographical sketches of

these informants are briefly presented here.

Informant 1 Nguyén Hul Quéng--male, age 30, was bora in
Haiphong and lived 18 years in Hanoi. He moved to South Viet
Nam in 1954 and there attended the University of Saigon. From
1962 through 1965, he resided, as a student, in the United
States. His native language is the Hanoi dialect of Vietnamese
and he is also fluent in French and English. QUANG believes
that his residence in the Saigon dialect ar~a has not affected
his speech, as his language habits were already well estab-
lished by the time he moved to South Viet Nam.

Informant 2 Pham Gia Hugn—-male, are 21 , was born in the

the vicinity of Hanoi. His family moved to Paris, France, at
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the time he entered primary school. Though his formal educa-
tion was conducted in French, Vietnamese was used at home and
with friends. His parents were born in Hanoi and lived there
until they moved to Paris. He returned to Saigon for his
secondary school education and resided there for seven years
before coming to the United States in 1962. HUAN speaks both
the Hanoi and Saigon dialects but distinguishes the two. Ac-
cording to another native speaker of the Hanoi dialect, the
Saigon dialect has not affected HUAN's original Hanoi dialect.

Informant 3 Pham Thi-Anh Tuyét--female, age 22, sister
of HUAN, was born in the vicinity of Hanoi. She had one year
of school there bhefore going to Paris with her family. French
was used in her Tormal education, and Vietnamese was used at
home. Her seccndary education was received at a French school
in Saigon where she lived for several years before coming to
the United States in 1962. In addition to the Hanoi dialect,
she speaks the Saigon dialect, French, and English; but, she
feels that her Hanoi dialect is not affected by these other
languages.

Informant 4 Phém Van Déng--male, age 22 , is not related
to HUAN and TUYET. His parents came from lorth Viet Nam, and
ttie Hanoi dialect was always used in his home. For business
reesons his family moved frequently around Northern and Central
Viet Nam. DONG was born in Pa Nang but moved earliy in nis life
to the Herth. His elementary and high school education was
received in either Vietnamese or French, according to the
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school attended. DONG attended the University of Saigon for
one year and came to the United States in 1962. Because of

his frequent changes of residence, DONG i:. familiar with the
Hué and Salgon dialects of Vietnamese, in addition to the Hanoi
dialect;'but,he regards the latter as his native dialect and
feels that he clearly distinguishes the three. He is also

fluent in French and English.

Tape Recordings

The prepared scripts were recorded by the informants in
a sound proof booth using an AKG C-60 condenser microphone with
a pre-amplifier and an Ampex PR-10 singie-track tape recorder.
Speech was recorded on Scotch or Ampex magnetic tape at a
speed of 7.5 inches per second.

Since the informants were experienced in making tape
recordings, they were relaxed and relatively at ease in front
of the microphone. They were asked to use their normal speech
t- upo and to pronounce the words as they used them in their
- ;eryday speech. As the informants had assisted in drafting

he recording scripts, the material was in their nwn handwrit-
. 2 and they had a certain degree of familiarity with the con-
tent of each script. This familiarity enabled them to read
smootinly and without hesitations, lapses, or errd6rs.” As a
part of each recording session, the informants listened to the
tapes that they had recorded, checking the script as they
listened. This ensured that each utterance recorded passed
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the test of icceptability to the native speaker.

The Spectrograph and Spectrogranms

An Ampex PR-10 single-track tape recorder was used to
reproduce the recorded speech which was channeled directly
into a modified model 651A Sound Spectrograph (Kay Sona-graph).

The sound spectrograph is a device which can analyse a
sound segment of‘up to 2.4 seconds in duration. The sound
segment is recorded on a disc inside the machine which repeats
it constantly while a band-pass filter scans it, moving up the
frequency scale from zero to 8000 cycles per second.

The signal from the scanning filter is transmitted to a
stylus which is in contact with specially sensitized paper at-
tached to a revolving drum. The resulting artifact is called
a sound spectrogram and is a permanent record of the recorded
speech segment. The spectrogram shows frequency in the verti-
cal dimension, duration in the horizontal dimension, and givés
a rough indication of intensity by the relative darkness of
various portions of the spectrogram.

The spectrogram can be made with the band-pass filter
set at either 45 or 300 cycles per second which produces nar-
row-band and wide-band spectrograms, respectively. It is also
possible on this machine to record the portion from 0 to 4000
cps twice, one above the other, once with narrow-band and once
with wide-bend. As the essential features of vowels ure re-

alized in this fregquency range and as each band-width has
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certain advantages, composite spectrograms were most frequently

used in this study.

Formants and Formant Measurement

Vowels are characterized by their relatively great re-
sonance compared to consonants. This resonance is strengthened
in various areas according to the configurations of the articu-
latory organs characteristic of each speech sound. These areas
of strengthened resonance are called FORMANTS. Each vowel has
a characteristic formant pattern, and it has been demonstrated
experimentally that the first two formants carry most of the
information atout the qualities of vowels. In this study,meas-
urements of the first two foruants are studied in detail.

While it is easier to identify formants on a wide-band
spectrogram, it is possible to be more accurate in the measure-
ment of narrow-vand spectrograms. This is the chief benefit of
the composite spectrogram.

The procedure for measurement is to measure from the zero
line, which is & part of every spectrogram, to the exact center
of the formant. On a good narrow-band spectrogram, it is pos-
gsible to measure reliiably to within 225 cps. 1In almost all
cases, it is possidble to measure to within 250 cps.

The steady state of a vowel is defined as that portion of
the vowel in which the formants are parallel to the zero 1line.
When there is a steady state of a vowel present, measurements

are made at that point in time. Movements of formants
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associated with initial and final ronsonants are called
TRANSITIONS. Typically, there is a transition from an initial
consonant to the steady state of the vowel and a transition
from the steady state of the vowel to the finel consonant. 1In
some cases there is no steady state of the vowel since the
transition from the initial consonant through the vowel to the
. final consonant is continucus. In this case the mid-point of
the vowel is erbitrarily selected as the point of measurement
on the assumption that, at this point, the effecf of the ini-

tial and final transitions cancel each other out.

Amplitude

The Kay Sona-graph comes with an attachment for measuring
and recording on a spectrogram the amplitude contour of & given
utterance of up to 2.% seconds in duration. This contour ap-
pears in reference to a base line on the upper portion of the
spectrogram. However, there are many factors affecting the
amplitude display and care nmust be taken to avoid invalid com-
parisons between two amplitude contours.

For our purposes, the amplitude display was referred to
only as an aid in distinguishing the most prominent segment of
the syllable and in comparing the relative amplitudes of dif-

ferent portions of a single syllable.
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CHAPTER 3

TARGET QUALITIES OF COMPLEX NUCLEI

To provide a basis for the analysis of the complex nuclei
(13], [wZ], and [UB], the eleven simple vowels of each inform-
ant were re-examined. Our previous study revealed that vowel
formant measurements are influenced considerably by neighboring
consonants and the accompanying tone. We, therefore, obtained
neasuarements of the eleven simple vowels in & fixed environment
which could serve as the basis for comparison with the complex
nuclei. Any two phonemically identical sounds may differ pho-
netically even in the same environment; but, if the environment
is specifically limited, similar phones will recur within a
small domain definable by a boundary. In the analysis that
follows, the relative domains of the eleven simple vowels and
"also the relative domains of the vowel target qualities of the
complex nuclei were obtained. These were then compared with
each other to determine the phonetic qualities of the complex
nuclei in question.

The eleven simple vowels and three complex nuclei were
recorded in the environment /t - n/ with level tone /-/ by the
informants. This phonetic environment was selected for several

reasons. First, /n/ and /t/ are the only consonants which can
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occur after every wvouwel; and, /n/ was preferied to /t/ bdecause
/t/ occurs only with rising tone /~/ and drop tone /~/, while
/n/ occurs with all slx tones. The initial consonant /t/ weas
then selected because most of the /t - n/ syllables form real
words in the Vietnamese language. These syllables were there-
fore femiliar to the informants and could be spoken without
hesitation.

The frame sentence "I say the word ( ); ( ), ( ), ( )."
wvas used, the ta2st word being uttered four times; e.g., /tsy
ok ci tgn; tEn, tah, tgn./ Narrow-band spectrograms were
made of five recordings, resulting in 20 sets of Formant 1 and
Formant 2 measurements for each vowel, These measurements were
then plotted on a formant chart to establish the domain of
each of the simple vowel phongmes. The same procodure was
followed in making spectrograms, measurements, and charts for
the complex syllable nuclei. Then the charts of the complex
nuclei were compared to the charts of the simple vowels.

Because Intormants 1 and 2 left us before the experiments
had been completed, only a limited number of their recordings
and svectrograms were available. Informants 3 and 4 furnished
most of the data used in this analysis.

Table 1 shows the formant measurements of the eleven
simple vowels of Iﬁformant 4 in the environment /t - n/ with
level) tone.

Figure 1 is the corresponding representation on the

formant chart of the F1l and F2 measurements presented in Tablel.
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The domain of each vowel is represented by twenty occurrences
of that vowel in “he environment indicated. The formant chart
used in this study is the same as that used in our previous
study, Vol. 1LV of this series. The reason for the choice of
this formant chart was explained on pp. 69-72 of Vol. IV.

Table 2 represents thc Fl and F2 measurements of the
eleven vowels of Informant 3 in the environment /t - n/ with
level tone. As is known to most workers in acoustic phonetics,
it is quite difficult to obtain accurate formant measurements
of a female voice since a soprano or alto voice hes wide formant
bands and widely spaced harmoniecs which make it difficult to
identify the exact frequency value of the formants. To over-
come these difficulties and to reduce marginal errors, a large
amount of data was utilized and extra care was taken in
measuring.

Figure 2 reprezents the domains on the formant‘Chart of
the eleven vowels in -~ he environment /t - n/ with level tone
spoken by Informant 3.

As can be seen in Figure 2, the domains of Informsat 3's
vowels cover a much grrater area than do those of Informant k.
Given the above-mentirn=zd characteristics of the female voice,
this is to be expected. However, in order to show that these
domains are truly representative, we prepared additional
material to show the effect of the six tones on the formant
measurements of vowels in isolation and, also, material to

show the effect of initial consonants on vowel formants,
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TABLE 1

Formant measurements of simple vowels in the environment /t - n/: Informant X cycles/second
vorel [1) witn tone (-] Yowel [e) with tone [-]
b 2 3 4 1 . 2 3 : . &
wore Fl_se F3 FI__Fz___F3 FI_Fz 13 FL__ ¥z ¥3_ Word FI__F2 _¥3- KL _Fe F3 FI_fe _F> rL _F4_ ¥>
tia 500 €550 5100 500 2500 3050 300 L3500- 3105 . 300 2250 3000 ten 600 2100 285C 550 2050 3000 550 2000 690 2000
300 2400 3200 300 2350 3150 300 2250 3100 300 2350 3100 550 2100 2850 550 2030 2900 550 2100 2800 600 Y00 <:00
300 2400 3100 300 2300 3200 325 2350 3000 300 2250 2000 650 2100 2800 625 21G0 2850 650 2100 2800 650 <030 2550
300 21'150 2150 325 2350 2950 350 2300 2050 325 2300 3000 600 2100 2850 600 2100 2800 600 2100 500 2000 2&00
$00 2350 3000 300 2350 3000 300 2250 3050 300 2250 3000 650 2150 2900 650 2100 3000 650 2100 2950 650 £I50 21530

Vowel (€} witn tone [-] Vowel [a) with tome [-]

4 ) 1 2 3 4
pj———pf-—-;g— T—T 5 Word FI _Fz F¥2 FI_F2_TF3 YL _Fr ¥3 FI__Fe

1 2
diord rl Fe F3 Fl F2

£ TF3C
tEa 700 2000 2400 700 1%00 2800 700 1900 2850 700 2000 2900 tan 900 1500 900 1450. 900 1400 900 1450
750 2000 2550 700 2050 2950 700 2000 2950 750 1900 2800 900 1550 900 1500 S00 1450 905 1450
700 1900 2550 750 1950 250 700 2100 2550 700 1950 2800 900 1500 900 1550 + 900 1500 900 1450
700 2000 2500 703 2000 2500 700 2000 2600 700 2000 2800 900 1550 900 1500 900 1450 900 1500
750 2100 2850 750 19,0 2800 750 2000 2850 750G 1952 2800 900 1550 900 1500 900 1500 900 1500
Vorel [ad with tone (-] Y Vowel [a] with tone {-]
1 2 3 : C 4 1 2 3 4
. %ord FI__F2 ¥3 FI_*tz F3 FI_Fe_¥3 i ¥ Wood FI Fo F5 FT_F¥e 73 FT_Fe 3 FI_ i3
tin 825 1400 825 1500 825 1500 850 1500 tin 750 1500 775 1400 750 1550 7501400
350 1400 H50 1400 850 1450 850 1450 700 1500 700 1450 700 1450 7200 1400
850 1500 850 11;50 B50 1400 " 850 1400 750 1400 750 1350 750 1350 750 1550
850 1500 900 1400 900 1500 900 1500 750 1400 750 1350 750 1350 755 1400
$00 1500 850 1550 900 1450 900 14%0 750 1500 750 1450 750 1400 750 1350
Yowel (3]} with tone [-] Vowel [%] with tone ]
1 2 2 [ 1 . 2 3 4
word FI_¥e__¥5 FI _Fz F3 FL_Fe 73 FI_F2 F3 word FI__F2 _¥% ' FL_fo ¥3 T__¥e _F3 ¥TI_F- T
t3n 850 1400 600 1400 625 1300 600 1350 - t&n 500 1400 2800 500 1450 2800 475 1400 2B00 500 1350 2850
600 1400 600 1550 600 1250 . 575 13%0 ' 550 1500 280Q¢ 550 1400 550 1450 550 1450 2900
650 1400 625 1400 600 1400 650 1450 550 1450 2900 550 1450 2900° 550 1450 2850 550 1450 2900
600 1400 600 1400 600 1400 600 1350 525 1400 2900° 525 1450 2850 . 550 1400 2750 550 1450 2900
600 1400 600 1400 600 1400 600 1400 550 1400 2900 ~ 550 1400 2800 550 1350 2950 550 1350 2850 -
Vowel [2] with tone [-] Vowel [o] with tone [-] )
. . . . 4 1 ‘ 2 - ) 4
-%Word FL_ ¥z ¥5 FI_Fe ¥ FI __¥2 ¥3 FI_¥2 F3 Word FT _Fe ¥3 FT_¥2  F3 H_FS_‘FT 7 ¥
$3n 700 1000 200 950 00 950 " 700 1000 tén - 550 1100 500 1000 500 1100 550 1100
700 1050 | 700 1100 700 1050 700 1000 500 1000 - 500 1050 550 1000 550 1000
700 1050 700 1100 . 700 1050 o 700 1000 600 1050 600 1050 600 _1050 600 :1050
700 1100 700 1000 700 1050 700 1050 © 600 1050 600 1050 600 1030 575 1050 °
750 1050 750 1050 750 1050 750 1050 550 900 - 550 950 550 1000 550 1000"
Vwé}. Cul with tone (-] : ' S ' P ' -

Word YI_FHTFI_F%_I ﬂ_Fgﬂ'T'ﬂ_Fg_?T

tin - 300 800 300 800 300 800 300 800
300 800 . 325, 800 325 800 350 800 ,‘
FEOO 800 300 800 - 300 800 <300 800 : Blink,-p-éu 1n‘icite vhere precise measurements ve-'re not ébtllnabl‘e.;;‘
o ‘@0 . 300800 300 80 - 300850 . oo e e
ER]C > * 300 B0 . 300 8O 325 eso. - Sl T e
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TABLE 2

Formant measurements of simple vowels in the environment /t - n/: Informant 3 cyeles/second

Vosel (1] with tone [-] - Vowel [e] with tone [-]

1 2 4 1 2 - 5__ - 4
word F1 12 __F3. FITR % FI_FH 3] Fe F3 #ord F1 F7 FI- FI _F2 _EF% 3 2 "F3 FI re Fy

tin 400 2050 400 2550 400 2750 . 400 2800 ten 550 2500 3650 550 2550 - 550 2450 550 2450 3000

420 28650 400 2700 - 400 2700 400 2700 1525 2450 500 2550 500 2500 500 2550

400 2700 400 2700 400 2750 400 2750 525 2450 500 2550 525 2450 500 2550

400 2750 400.2700 400 2650 400 2750 550 2450 - 550 2400 550 2400 . 600 2400

400 2800 400 2750 400 2700 400 2700 550 2400 525 2400 500 2350 550 2400
Vowel [e] with tone [-] B Vowel (8] with tone [-] ; S

1 2 4 1 2 i 3 ’f‘ o 4

word FI_Fe _F3. FL _Fz F3 m—ﬁ—p}: FI_¥e_ ¥ Woxd FI_F2_F2 FT_F2 F3 FL 12 ¥ FI I
tEn 800 2300 3200 750 2350 3100 775 2350 3150 800 2350 3150 tén 950 1650 950 1600 1050 1600 900 1650

750 2350 3100 300 2350 3150 BOD 2450 5200 B0 2300 3150 1000 1650 950 1600 1000 1550 920 1550

800 2400 800 2400 3150 800 2350 3150 800 2350 1000 1700 1000 1700 .. 900 100 . 900 1700

75C €350 3100 750 2400 750 2350 75G 2400 9501600 1000 1850 ° . 950 1700 900 1600

750 2300 750 2350 - 775 2350 800 2350 950 1650 950 1650 900 1600 900 1500
vower [A) with tone [- . - ’ Vowel [a) with tone [-] . .
sord  FI 53» 7 ﬂ_"F%_"FT Tﬁ%—i‘r ET_Fxﬁ—E ﬁ_rd TP FI_F2 F3 T FZ RS FI_"Fa ¥
tin 50 1750 850 1700 850 1700 800 1650 " tEa 850 1450 800 1600 8001600 800 1500

] 825 1650 850 1750 900 1750 ‘ 800 1600 ) * Boo 1650 750 1500 600 1600 8OO 1550
' 900 1850 © 900 1850 900 1550 800 1550 800 1650 80O 1600 750 1550 800 1500

800 1550 @00 1650 800 1600 850 1750 ' 600 1650 . 750 1550 750 1550 750 .1500

625 1850 . 800 1650 © HOO 1650 800 1650 800 1550 7501550 750.1550 ‘800 1600
Vowel [3} with tons [-]1 K ) : .‘ -~ Vowel Lm] with tone [-}° -
Yo SRR TR ECRH ABE oww T m TR 3w e - RS e - s
t¥a 700 1350 . . 700 1350 - 650 1350 - 650 1350 tBn 450 1450 © 550 1250 . 550 1250 - . 550 1300

650 1350 - 650 1350 650 1350 ° 650 1550 . 550 1350 400 1250 400 1250 550 1350

700/ 1350 © 850 1350 850 1350, 650 1550 550 1400 550 1400 550 1400 525 1350

650 1350 6501350 ' 650 1300 650 1300 400 1450 - 500 1350 400 1200 . . 550 1200

600 1350 650 1350 650 1350 6501350 - 500 1400 . 550 1350 . 5501350 525 1300
Vo.wel L] wath tone -1 . - - . Vowel [‘6] with tone (-j

: 1 2- : : 4 . I T a'-. . 5 : 4
Word FL__F2. F3 FI_ 72 T3 FI Fg )3 I A - -} Word » ¥I__F2 F% . FI_¥o.- F% F‘.L"Tg—rz‘ ‘FT__F3_F3

tan 800 1050 . 750 1000 . 800 1050 750 1025 ““t8a  550°1100 500 2000 - . 5251000 - 500 1000
750 1050 800 1050 7501025 ' 8321050 . " 5001050 - . 525'1050' - 500 1050 -, 500 1000
/8001050 - 750 1000 7502000 7501050 . < - 550105 oo 1050 . - 6001000 © . 600 105¢.
8251200 B00 1050 | . 750 1050 . 800 1050 - 7 5251050 5251100 650 1050 . .. 525 1050

800 1050 750 1025 . . 750 1025 750 1000 .. 5001050 650 1050 . 600'1000. . - 600 1050

" Vowel [ul with tone [-] N

v

| %un 400850 T 400'B25 | 400 800, i . 400800 L b’ ERERE T T
o 3s08s0 350850 35050 - oo 800 M-y
600800 .. 400 825 T 400°800 + . . 400 800"
3%0.800 ' "wo0 800 . ’i350 750 * 400 850 |

350 850" 400800 - I7400°800 " ' 400800
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Informant 3 had previously made recordings of vowels in
isoclation with each of the six tones of Vietnamese. Although
not all such isclated vowels are meaningful, this sort of
exercise is quite common for students of Vietnamese. Since
Informany 3 had often demonstrated these vowels and tones as a
teacher of Vietnamese, she showed no hesitation in producing
them for our study. Spectrograms wWere made fron these record-
ings, and the Fl and F2 measurements were compiled.

Table 3 presents the Fl and F2 measurements of the vowels
in isolation with each of the six tones. Figure 3 is the cor-
responding grephic representation of these Fl and F2 measure-
ments on the formant chart.

In order to estimate the range ¢4 variation which might
be associated with different initial consonants, Informant 3
was asked to record each vowel in various syllables composed
of one initial consonant and the vowel with level tone. These
syllables were recorded as a list of eighteen items in a fixed
order, each stressed equally, e.g., /ti, thi, eI, ki ..../
Table 4 represents the Fl and F2 measurements obtained from
these recordings, and Figure 4 is the corresponding formant
chart.

It must be noted that the two vowels /A/ and /a/ occur
only in closed syllables and so could not be included in this
experiment. Figures 3 and 4 therefore present data for only

9 o” the 11 gimple vowels of Vietnamese.
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TABLE -3

}‘Gx_-mant measurements of simple vowels in isolation: Informant 3 cyclea/second

vowel [1] with a1l t..ones Vowel [e] with all tones

we B H IRm H_FT—B‘ ot W v v m
i 300 2950 3002750 .. -~—7300 3000 % . 550 2600 550 2750 . 550 2700
1 300 2500 400 2850 300 3100 300 2800 H 550 2850 550 2700 550 2750
| omooom mm mm o mm bl
N . . H 650 2450 650 2600 600 2650
. oo 400 27507 " . 400 2850 ¥ 650 2550 550 2450 650 2550
L 1350 aso 350 2950 350 3000 T 700 2600 700 2550 700 2650
L 400 2950 430 3000 400 3050 T 780 2550 650 2600 " 600 2550
T %50 2goo 400 2850 400 2800
Vovel [r) with all tones Vowel [=] with all .tones
1 2 3 S 4 2 : 4
word F1 ¥ ©3 ¥I__F2__F3 FH_F2__F¥5 T1_F2 F% Yod FI_¥2 W W W '!1_13_1'3‘ b -
7 ' 900 2700 900 2700 900 2650 @ 600 1250 600 1250 600 1250
R 850 2650 850 2550 850 2550 & 550 1200 400 1150 400 1150
: 850 2600 650 2650 850 2550 ' & 450 2200 450 1200 450 1200
£ 850 2500 750 2650 750 2600 4+ 5251350 525 1350 525 1200
H 900 2450 850 2500 850 2500 B 400 1250 500 1300 500 1350
& 8502400 300 2500 850 2450 -1 450 1100 500 1150 500 1200
T 850 2500 850 2457 850 2550 ¥ 495 1450 450 1350 450 1350
T 850 2500 800 2400 8OO 2450 ) ‘® . 550 1350 600 1450 600 1400
Vowel £4]) with all tones . T -
: 1 . 2 . 4 Vowel [o] with a11 tones
%ord F1I_F2  F5 FI__Fe_ F5 FI—FS_FB‘ FI—r= F2
3 850 1450 550 1650 900 1450 Yors m o - —r —r
R 850 1600 850 1700 800 1650 6 001000 6001000 /550" 1150
"E 1150 1800° 1156 1600 1000 1400 ’ b 6501100 600-1000. " 600 1000
L 950 1550 950 1550 900 2600 8 550 950 550 900 600 850
3 © 1000 1600 1000 1450 10501 1600 3 650 1100 . ' .'650 1150 65071100
sk 1050 1850 1050 1600 1050 1550 8 700 1000 " 650 1000 . 650 950
% . 1000 1550 950" 1550 £950°1500 5 - .e50 1050 | 650 1150 525 1050 S '
7 900 1500 - 950 1500 950 1500 5 - 650 1050 ' 550 2000 500 2000 R '
7 Voﬁel'[a] with allvﬁonés ‘ ' A. : ’ . 5 ,650_1050 . 600 1000 ' ?OO 199@ B S .
ol T STy S4B 500 1050 ** "~ 500 1000 . 500 1000 : : . N
Word ~FI T2 ¥5°° FI__Fo _TF3 FI_FS_B‘ hob N - - 5. 500 1050° . 5001000 . 500 1000 o '
%7 7501300 . 750 250 . 650 1250 : S 5 550 1050 600 1000 525 1050 - 1 h
oy 750.1350 7501300 750 1300 ! - T T
5.‘ » .750 1200 - . .750.»,125_0 V .'760 15—90, : Vou;i."[;x] -iith all .‘t:oneui . - R R - . -7
O 850 1300 . 800 1250 - 800 1200 ch s L e : R
5 850 1250 850 1250 850 1200° . - S Rord BV ¥ - ?1_1'5—73‘ S -
3 . 850 1350 850 1350 - 850 1400 NI B #00°1050" © -7 400 1050 4001050 SR
R alsd'isoo S 900 1400 900 1400 BEREECI 400 850 L. 400 800 350. 750 ©
o : o T el Tl B 3500 9507 350 900° 350" 850
“Vowel [5] with.a1l tones e T g s 900 450 950 450900 " :
'.:g)m}d FT F;_l g E o s T D e - - ¥ 850 850 [ 800850 © T 400 aoo
.8 950 1150 950 D200 . 9sodaso . v T 3000900 300,900, - ~?9°_ 950 _
L 5 " 900 13007 950 12)04-. 900" 1250 - 4001000 o -'400;1001“ S ++400 1000
g 966 ito0 900 1100 . 850 1'1'5'0‘ T %002000 400 B850 7400 850
iy 1850 1100 “'300 1150, S ‘_900‘:1‘50‘ G 850 '900.- - '
S g50 1250.' 900 1°oo 900 1200 g 300900 . L ; 300,
500 850 1150 - - ©850 1150 - 8501200 S JE7 7300 2000
RN 1900 1200 850' 1200 785071150 1. -8

ERICa s

Aruitoxt provided by Eic:

850 *1150

18501250, " 80O
750, 1ooo‘_
"~ 8%o 1050 ‘

. 8501100 -

@

Blank apaces indicate. vhere ‘precise i

asurements- ve'r;' ‘not’ obtainable. .
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TABLE 4

Formant measurements of simple vowels in open syllables: Informant 3 cycles/second

Vo~el [1] with tone [~] Yowel (o] witn tone [~] Vowel [e] with tone [~]
Word Fl1 B2 Word F1 r2 Yord Fl P2
tT 300 2800 te 525 1350 te 250 2450
T 275 2600 . % 550 1350 % sso 2a50
el 400 2850 s 650 1300 cs 525 2450
39 300 2750 Xa 525 1300 ke 550 2600
vT 300 2950 be 525 1300 be 525 2600
a7 27% 2850 de 650 1400 de 500 2600
11 250 2800 e 600 1350 I 625 2400
vi 250 2800 ' 600 1390 ' ve 52, 2450
a1 400 2900 e 600 1400 88 500 2500
zi 300 2950 73 650 1600 ze %) 2500
xT 250 2750 %o 500 1350 <o 50. 2600
gl 400 2850 gs 50O 1500 ge 100 2500
ol 400 2950 L5) 600 1300 me 500 2400
nT 300 2950 ne 650 1450 ne 500 2700
' T 350 2800 [r] 500 1500 ne 500 2550
ol 350 2900 ne 600 1500 e 500 2500
nT 275 2850 hs 600 1250 ne 500 2573
1T 350 2750 1% 650 1500 1e 500 25¢)
Vowel [g] with tone [~] Vowel [o] with tone [~) Vowel [u] with turs /=]
¥ord Fl F2 Word PR 2 Word Rl 2
te 800  2u50 t5 800 1050 & 300 150
% 750 2350 25 750 1000 % a0 1a4m
ce 750 2300 co 750 1100 of 400 140
Xt 750 2550 'S 800 1050 ' 800 1450
Be 750 2600 bo 750 1000 bu 4#00 1455
de 700 2500 ds 850 1200 7 550 1500
' 750 2400 5 750 1000 7 400 1400
ve 700 2500 va 750 1000 ' 800 1350
st 700 2300 80 850 1200 ) 550 1500
2T 750 2300 z3 850 1200 1) 550 1650
xE 750 2550 x 800 1150 x5 400 1400
-3 700 2500 '3 802 1100 g8 400 1500
LT 750 2650 m3 750 950 o7 400 1350
oe 700 2550 . ) 75¢ 950 uT 400 1650
e 700 2550 » 750 950 s 400 1600
e 700 2550 L) 750 1000 o 500 1400
he 700 2500 ho 800 1150 B3 350 1600
1e 700 2500 bE) 850 1200 1= 500 1600
Vowel [A] with tone (=] Vowel (u) with tone (=] Vowel [o0] with tone [~]
Word PRl B2 Word M ) 7] Word P P2

tX 750 1750 tu 800 850 0 550 1100
&7 750 1800 ™% w00 8so t% 525 1050
X 750 1750 cu 400 825 co 550 1100
xi 750 1750 xu 400 950 ko 525 950
bR 850 1650 bu 400 850 bo 600 1000
ax 950 1700 au 425 950 do 600 1000
o3 850 1500 400 850 1o 600 1000
vi 950 1550 i 400 825 vo 600 1000
sk 700 1650 (1) 425 800 50 600 1000
¥y 850 1800 2 400 850 z0 550 1050
xX 950 1650 N %00 900 x0 525 1050
13 950 1800 gu 425 800 g0 525 1150
LY 800 1650 au 400 1000 wo 500 1000
nk 800 1850 nu 425 850 no 500 1000
K 700 1850 e 425 800 s 500 1000
ok 700 1850 Qu 400 1000 no 500 1000
nk 800 1650 hu 400 850 ho 500 1100
11 900 1600 11 425 950 10 600 1100

O
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In looking at Figures 2, 3, and 4, one gets the impres-
sion that the vowel domains in these three figures show some
iifference. This is due to the previously mentioned charac-
teristices of tre formant bands of a female voice which make
the identification of the center »f formants very difficult.
However, a careful comparison revesals that the relative
positions of the vowel domains in each chart are conparable,
and also that the vowels in the /t - n/ environment represented
in Figure 2 seem to represent accurately the relative position
of each vowel to the others. Figure 3 and Figure b may be

.regarded as extra data supporting 9 of the 11 vowel domains
presented ia Figure 2, In any event, tle relative positions
of /fe/, /a/, and /o/ which are of prime importance to this
particular study are defined adequately. Therefore, the
domains of /e/, /a/, and /o/ as presented in Figures 1 and 2
will be usgd when 2omparing the: phonetic qualities of
simple vowels with the phonetic qualities of [3], (2], and [9]
in the following‘experiments.

Informant 1 had previously recorded syllables with the
eleven simple vowels in the environment /t - n/ with level
tone for a study of the inherent duration of vowels in Viet-
namese. He left before we could make recordings of the com-
plex nuclei in the same environment. However, from other
recordings preparec by him, we selected some examples of syl-

lables with complex nuclei in similar environments.
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The measurements of Informant l's simple vowels in the
environment /t - n/ are reproduced in Table 5, and the graphic
representation on a formant chart is seen in Figure 5.

Informant 2, also, had not recorded the desired material
for this stﬁdy before he left us. However, Informant 2's
formant measurements were published in substantial amount in
our Vol. IV and were useful as raferences in analysing his
ctomplex nuclei.

Spectrograms No. 1la -~ lla show typlcal spectrograms of
the simple vowels in the environment /t - n/ as spoken by
Informant 4. The same vowels spoken by Informant 3, a female
speaker, are shown in Spectrograms No. 1b - 1llb. Typical
spectrograms of the complex nuclei [I3], [wZ], and {U8] as
spoken in the environment [t - n] are shown in Spectrograms
No. 12a - b, 13a - b, and 1lla - b, for Informants 4 and 3
respectively.

In the changing formants of the complex nuclei, there
are ao obvious points indicated at which the measurements
should be taken. To determine the most reasoneble points to
be considered as the target or near target qualities of the
complex nuclei, several steps were taken. Taking the complex
nucleus [I;], for example, first, the boundary between the
two segments of the nucleus was identified with extreme care.
Observation of steady states, upper formants, and amplitude
contour, as shown in Spectrogram No. 15, served to identify

the most logicel point in time which could be considered as
-26- *



TABLE 5

Formant measurements of
simple vowels in the environment /t - n/: Informant 1 cycles/second

1 2 b, 4
Word F1 F2 F1 Fo o Fo Fl o
t1In 350 2250 350 2250 350 2250
ten 525 1900 500 1900 - 525 1950
ten 600 1900 600 1900 600 1950
tan 800 1400 800 1400 800 1400
tAn 1000 1350 1000 1350 1000 1400

. tAn 650 1400 650 1400 650 1400
tan : 575 1200 575 1200 550 1200
tun 375 1300 375 1300 375 1300
ton 600 1050 650 1100 625 1100
ton 525 1050 550 1000 525 1000
tun 350 850 350 850 350 850

Blank spaces indicate where precise measurements were not obtainable.
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FIGURE 5§
Simple vowels in the envircnment /t - n/
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a boundary between the 2 segments. The mid-way point between
the beginning of the formant and this boundary was then taken
as the target quality of the first segment of the nucleus,
{T]; and, the mid-way point between the boundary and the end
of the formant was considered as the target of the second
segment, [3].

Recordings of [I3], {wf], and [U®] in the environment
/t - n/ were made using the same frame sentence /tgy dok c
t-n; t-n, t-n, t-n./

Informant U4's speech was examined first because it is
easier to work with the formant measurements of a male voice.
On listening carefully to the initial vowel qualities of the
complex nuclei, it was found that they sound very much like
/i/, /w/, and /u/ respectively. To confirm this auditory
impression with acoustic data, we measurcd F1 and F2 of (1]
and [3] in the word [tT3n], of [w) end [Z) in the word [twZn]
and of [U) and [6) in the word [c¢U6n]. These measurements
are presented in Table 6.

Figure 6 is a composite graphic representation of the
domains of the complex nuclei [I3Z], [wEf], [UB] and the domains
of the simple vowels. The dots and the solid line circles
represent the measurements of Table 6, while the broken line
circles represent the domains of the simple vowels of the

same speaker as obtained earlier and recorded in Table 1 and

Figure 1.
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.. SPECTROGRAM NO. 15
Amplitude contours of [e] and {13]
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TADLE 6

Formant measurements of complex nuclei in the environment /t - n/: Informant L] cycles/second

Suvie . {L] with tone (=)

Sepment {u) with tone (=]

1 2 : 4
Ford T ¥ T ¥ T NI Word FL_T2 ¥ V2 FT L N - 3
tiZa 300 2200 2950 300 2200 2050 350 1250 2900 350 2150 2950 tufn 300 800 300 800 300 800 550 750
300 2350 2850 300 2300 3050 350 2250 2800 350 2200 2800 325 750 325 800 350 750 325 750
200 2300 2850 300 2300 3000 300 220 LG 350 2100 2900 300 810 350 800 350 800 400 800
300 2300 2800 300 2300 3000 300 220 2740 300 2400 2950 350 800 400 850 50 850 350 800
300 2350 2950 300 2350 3000 300 2250 2900 300 2400 3000 300 800 350 800 400 800 500 800
Serrent [3] with tone [-] Sepment [8) with tone [-]
Yord I PITC AT I YT R T e ITET MY Y Y
tTTn 600 1950 2800 600 1950 2850 550 1950 2800 550 2000 2800 E—;: 550 1150 550 1250 500 1100 500 1100
550 2000 2800 550 2050 2850 575 1950 2800 550 2000 280C 500 1100 500 1050 530 1100 00 1050
) 625 200¢ 2800 625 2000 2850 600 1950 2850 600 1900 2800 550 1100 550 1100 550 1200 550 1150
600 1950 2750 600 1950 2750 600 200 2800 600 2000 2850 560 1150 550 1150 500 1100 550 1150
€50 2000 2050 650 2000 2800 €50 2000 2850 650 2000 2800 550 1200 550 1100 550 1150 550 1100
Serment fw] with tone (-1

teFn 450 1450 450 1400 450 1400 450 1400

450 1800 450 1450 425 1350 450 1400

450 1450 450 1350 450 1350 500 1400

400 1350 450 1450 450 1400 800 1850

450 1450 500 1500 450 1350 500 1300

Serment (#] with tone [~}

Mmé—u-n—ré—ﬂyr—ﬁjurz“gz

teln 550 1500 550 1450 550 1450 600 1450
600 1400 600 1400 600 1400 600 1400
600 1400 600 1450 600 1400 600 1400
650 1450 625 1450 600 1450 600 1450
650 1450 600 1400 625 1450 650 1450

O

LRIC

B

~43.

Blank spaces indicate where precise measurements vere nct obtainable.



FIGURE 6

Complex nuclei compared with simple vowels in the environment /t - n/
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As can be seen in Figure 6, the first segments of the
complex nuclei [I2], [wZ], and [UB] are phonetically similar
to [1], [w], and [u). The acoustic data confirms the auditory
impression shared by all analysts that the first segments
of the complex nuclei [Izj, [wf], and [U8] are phonetically
the same as [i]), [w], and [u] respectively. They are so
phonetically similer, in fact, that we will hereafter tran.
seribe them as [1], (w], ard {u] in our data.

In Figure 6, it is clearly observed that the formant
measurements of {3}, [Z], and [8] form three distinct areas.
The domain of [3] corresponds closely to that of /e/, [Z]
corresponds roughly to that of /s/, and the domain of [8] is
closer to that of /o/ than to any other vowei.

Having confirmed that the qualities of [I w U] are the
same as /i w u/ of the simple vowels, we then focused our at-
tention on the second elements only, in the formant analysis
of the other informants. Using the same procedures,we measured
Fl and F2 of [3], [Z]}, and [0] as spoken by Informant 3.

Teble 7 represents Fl and F2 of [3], [%], and [8] in
* {tizn], [tuEn], and [tubn] as spoken by Informent 3. Figure T
is the corresponding composite graphic representation of the
domains of the second segment of the complex nuclei and the
domains of the simpie vowels. Solid lines circle the domains
of {3], [Z], and [9] as presented in Table T, while broken
lines circle the simple vowel qualities presented in Table 2
and Figure 2. |
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In Figure 7 the analysis of [3], [Z], and [0] as being
three phonetically different sounds is further supported. 1In
Informant 3's speech, also, the domain of [3] overlaps with
/e/, [3] overlaps with /o/, and [0] overlaps with /o/. Since
/e/, /e/, and /o/ are three distinct phus.emes, it is rezsonable
to consider (3], [Z), end [8] as three different vocaliec
qualities of 3 different vowels rether than as a single phoneme,
such as /8/, with three allophones. The reason some English
speakers hear all three sounds as /o/ may be attributed to the
linguistic habit of the native speakers of English to classify
a rather wide range of mid-central vowel sounds as the phonenme
/a/.

Informant 1 had made a few recordings of complex nuclei
before leaving us. 1In the limited amount of data available,
ve found a recording of the words, [tIzn], [twin], and (tuBnm)
spoken in our standard frame sentence. Spectrograms and meas-
uremeﬁts were made as presented in Table 8. Using the came
techniques as those used in the experiments with Informants &
and 3, the figures were converted into the graphic representa-
tion shown in Figure 8. Although no.conclusion can be drawn
from such small statistical data as that of Informant 1, it
elso seems to support the analysis of /3/, /E/, and /8/ as
three different sounds rather than one.

Through the acoustic phonetic analysis of'the complex

nuclei [I13], [wZ], and [UB] in the environment /t - n/, wve
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TABLE 7
Formant measurements of

second serments © the comblex nuclel in the envirorment /t - n/: Informant 3
cycles/second

Seement {4) with tone [=)

1 2 x u
Borda FL_Tr T W ¥ ¥T P Y215 FL_ ¥ _¥T
tﬂ'n 600 1850 600 1900 600 1850 600 185¢C
625 1850 v75 1800 600 1B50 600 1900
500 18EC G0 1850 600 18B0C 500 1950
D 2000 600 2100 500 1850 500 1950
575 2050 S50 2000 500 1950 <00 2100
625 1950 650 1950 500 1900 600 1500
e 1300 600 1900 600 1850 00 1850
<00 1960 500 1850 600 1850 o0) 1850
60C 1850 600 1850 600 1850 SO0 1850
600 2000 600 1200 600 1850 525 1900

Sezpent {#) with tone (-]

e ETUT W T R

te¥n 600 1550 600 1550 600 1550 500 1550

€00 1550 600 1.. 800 1550 6500 1550

600 1550 600 1550 625 1500 500 1550

- 600 130 550 1500 575 1500 600 1500
600 1570 575 1500 600 1550 600 1500

625 1: 00 650 1600 600 1600 625 1600

25 1600 625 1450 600 1550 600 1550

650 1600 600 1400 625 1550 600 1550

€50 1600 600 1600 600 1550 600 1550

S50 1590 600 1550 60C 1550 600 1550

Sepment [B] with tone [=]

tudn 600 1250 600 1250 600 1250 600 1250
600 1250 600 1250 600 1250 600 1250
600 1250 600 1250 600 1200 575 1200
600 1350 600 1200 550 1200 600 1200
60d 1250 575 1200 575 1300 550 1200
600 1300 600 1300 600 1250 600 1300
625 1300 €25 1300 625 1300 600 1300
600 1300 600 1300 600 1300 600 1250
625 1300 600 1250 600 1300 600 1400
575 1250 600 1250 600 1250 600 1250

Blank spaces indicate where precise measurements vere not obiainable.
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FIGURE 7
Second element of the complex nuclei compared with simple vowels in

the environment /t - n/ Level tone informant 3
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TABLE 8
Second segments of the complex nuclei: Informant 1
1 2 3 4
Word F1___ Fe FI  Fe F1I_ F2 FI_ F2
tizn 550 1800 550 1800 550 1850
twim 600 1150 550 1150 550 1150
tuen 600 1050 600 1000 600 1100

Blank spaces indicate where precise measurements were not obtainable.
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are led to the following conclusions:

1) The first segments, tentatively transcribed as [I],
[w], and [U] are phonetically similiar enough to [i],
[w], and [u] to be regarded as the same vowel gquali-
ties. The acoustic phonetic data confirms the
auditory impression. The first segments of the com-
Plex nuclei are best analysed as /i/, /w/, and /u/
respectively.

2) The second segments of [i3], [wZ], and [uB] in the
environment /t - n/ with level tone cccupy three
distinctive domeins on the formant chart. [3] is
more similar to /e/, (%] is more similar to /a/, and
[6] 18 more similar to /o/ than [3], [I], and [0]
are to each other or to the domain of any one phonenme.

It might be possible to analyse [3], [£], and [6] as one

single phoneme on the basis of their distribution, since [3]
occurs only after /i/, [%] only after /w/, and (0] only after
/u/. On a distributional basis they could be assigned as allo-
phones in complementary distribution. Such a phonemic analysis,
however, lacks phonetic basis and is close to becoming merely
e mentalistic game. After careful observation of the phomnetic
phenomena, we analyse [3], [2], and [8] phonemicaliy as /e/,
/a/, and /o/, making the complex nuclei phonéﬁically:./ie/

/we/ and /uo/.
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Chapter U4

COMPLEX NUCLEI IN VARIED ENVIRONMENTS

As presented in the previous chapter,'the acoustic-
phonetic study of complex syllable nuclei led us to the anal-
Ysis of the segments spelled "ti&n", "tubh", and "tubn" as
/tien/, /twen/, and /tuon/.

The purpose of the present chapter is to test our anal-
ysis of [3], [£], and [8] as the three separate phonemes /e/,
/o/, and /o/ in more varied bhonetic environments. Also, we
will try to answer the gquestion of whether the second segments
of each of the following pairs are phonetically similrr cnough

t0o be considered the same:

Open syllables Closed syllables
"-ia" "-ja-"
"-ulp" "oudt"
"<ua" "eus-"

v As noted earlier, Thompson analysed the second segments

[3], [Z£], and [6] in op2n syllables as all being the same

phoneme /A/, and those in closed syllables as being three

separa* . phonemes /e/, /o/, end /o/. Other analysts have in-
"

terpreted the second segments of the pairs spelled "-ia" and

"_i8-", "-u" and "-wot", and '-ua" and "-ué-" as being
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rhonemically the same. To arrive at a conclusive answer to
this problem, it is necessary to study phonetic differences
between the complex nuclei in open syllables and those in
closed syllabies.

For this study, the recording material wvas arranged ac-
cording to syllable types and tones. Six tones, level /—/,
rising /~/, broken /~?/, falling /\/, curve /v/, and drop /-/,
are contrastive in the Hanoil dialect of Vietnamese. A syllable
in Vietnamese can be open or closed. The final consonants
that occur following the three complex nuclei are summarized

as fellows:

(i3] + + 4+ + o+ o+ o+ -
[wE] + o+ + o+ o+ o+ o+ 4
[ud] - + 4+ o+ o+ o+ o+

The distribution of final /y/ and /w/ with complex nuclei
is noteworthy. /y/ in Vietnamese follows only the central and
back vowels and does not occur after /i/, /e/, /¢/, and {i3].
/w/ follows only the central and front vovels and does not
occur after /u/, /o/, />/, and [u®]. This distributional char=-
acteristic seems to suggest that [3] is structurally parallel
to the front vowel /e/; end [0) is structurally parallel to the
back vowel /o/. However, the phonemic stetus of /w/ and /y/ as
consonants needs further study to confirm this interpretation.
We, therefore, decided not to include /w/ and /y/ as consonants
in our spectrographic analyses. Our analysis included: 1) open
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syllable words grouped according to the six different tones and
2) closed syllable words with final consonants /p t k m n n/,
also grouped according to the six tones.

Table 9 represents Fl1 and F2 measurements of the second
segment [3] of [i3] in open syllable words as spoken by Inform-
ant 4. Figu.e 9 is the corresponding graphic representation.
The [x) represents the measurements of [3] with drop tone, .
while the dot [.) represents [3] with all other tones. The oc-
currences of phones having an Fl measurement between 550-600
cps are identified as being either those with drop tone /—/
or with broken tone /~/. In our previous study, it was ob-
served that drop tone consistently raised Fl measurements of
gsimple vowels 50-100 cps, making the phones with drop tone
appear much lower on the formant chart. 1In Figure 9, the same
effect is observed on the formant measurements of [3].

Table 10 summarizes the data obtained from the formant
measurements of [Z] of [wZ] in open syllables spcken by Infor-
mant 4. When converting the figures into the graphic represen-
tation on the formant chart‘as shown in Figure 10, it became
apparent that on this vowel, also, the effect oi the drop tone
is clzarly observable. It is interesting to note that the
effect of 4:op tone on the segments [3] and [F] is very much
like that observed on the simple vowels /e/ and /o/.

It was noted in our previous study that drop tone has
slightly less effect on back vowels than on front and central

vowels. The extent of the drop tone'effect on Fl measurements
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TARLE °
Formant measurements of complex nuclel seement [ 4] Open ocyllable eyclea/second
All teneg Informant  k
1t 5] with tone (-] ' Segment [3] with tone [/]

1 J 3 4 1 2 3 i
Mery  F1_Fe T3 FI ¥ _F3 FI__r:  FJ FT__¥F2 F3. word FL_F2 T3 FI__F2  F3 n——ﬁ—jz FI —Fo 71
Ly 450 205d 450 2000 450 2000 450 2050 v.(g. 500 2000 500 1859 450 1900 56 1950
T 400 a0 hs0 1900 450 1950 450 1950 mi/t, 500 2000 450 1900 450 2050 450 2050
=17 g e/ 450 2150 450 2100 450 2000 ('1/5 500 1850 500 1950 450 2000 450 1990
W15 w0 s052 u5¢ 2000 450 2050 50 2050 . xl/5 450 2050 1150 2000 50 2000 450 2050
v 4h0 2050 W50 2000 450 2050 450 1950
le;' unn 1acc 450 18590 450 1900 450 1850
n¥7 au0 Aan 450 2000 450 2100 450 2050
I.T;; 45N 2000 450 2000 40 2000 450 2000
+T7 0 200 450 1850 450 1950 . 450 18%0
- 450 1500 456 1850 450 1900 450 1550
217 450,100 50 1900 450 1900 450 1%00

Yerment (2] with tone [N] Segment [3] with tonc [e3]

. g 1 2 3 4 1 2 3 i
Wora F < F5 M ¥ ¥y OFU_Fe FIL OFL__FT T3 word FI _F2 _F3 FI_¥2 _F3 FIL__Fr F3 FI T2 FyT
2“1\5 450 2050 500 2600 450 2050 450 2100 cfg 650 1950 550 1850 600 1850 600 1850
efs 450 "15C 500 2000 500 1950 4S50 2100 af3 600 1850 550 1800 550 1800 600 1850
ki\-; 500 2000 500 1900 500 1950 450 20006 ni'\% 650 19500 550 1800 550 1900 600 1850
bl 450 2000 450 1900 450 2000 450 2000 {3 600 1800 £50 1900 600 1850 £00 1850
ci\5 450 1850 450 2000 450 1900 500 1850
1y 450 2000 450 1950 450 2000 450 2000

ferment (3] with tone (] Segment [3] with tone (=]

1 2 4 1 2 s

Wword F1 __Fe F3. FL ¥ T3 Fﬁﬁg_ﬁ'a_ F1 Fe__F word F1__F2 F3 FL_F2 F3 Fl__ﬁ'g_?z 1 F. F3
i3 456 2000 550 1900 500 2000 400 2050 T 650 1650 650 1650 550 1750 550 1750
i3 500 2050 450 2050 400 2000 40r- 2000 di3 650 1700 550 1750 550 1700 600 1750
ath 500 1900 450 1950 500 1950 500 2000 13 650 1650 600 1500 600 1600 600 1650
mi% 550 2000 500 1950 500 2000 500 1950

Blank epaces indicate where precine messurenents vere not obtainabdle.

ERIC
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FIGURE 9

(2] in open syllables
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TABLE 10

Formant me’asurementn of complex nuclei gegment (%} Open syllable cycles/second
All tones Informant &
et [3] witn tone {-] Segment (3] with tone [/]
> 2 4 1 2 4
worw FL_To F3 FI_T? W3 FI_FS_TT PT__Fz__FI1_ word FI__F2 T3 F1__F2 F3 FI_FB_FT FT_Fe ¥,
¥ 550 1450 550 1400 550 1400 550 1450 cdf 550 1500 450 1500 450 1500 us0 1500
UE 550 1450 Usc 1450 450 1350 550 1350 KdE 600 1350 450 1350 500 1450 450 1450
ST 450 1500 500 1600 450 1650 500 1450 b 450 1400 150 1400 450 1350 450 1400
ko 450 1400 450 1400 450 1400 500 1450 au% 500 1450 500 1600 500 1450 500 1500
e 550 1350 450 1500 450 1500 500 1350 1E 500 1500 500 1450 550 1400 500 1500
waf L03 1450 500 1450 450 1450 450 1450 nd 500 1450 500 1450 500 1450 450 1400
auf 0 1450 450 1k50 450 1tg0 450 1400 nls 550 1350 500 1450 500 1450 450 1450
«af 500 1500 500 1500 450 1550 450 1500 ndE 600 1800 500 1500 500 1500 500 1350
nd 500 1450 500 1350 500 1350 500 1450
fosment (3] with tome [N} Segment {#] with tene [~]
1 2 4 : 1 2 FI"‘F%“““‘ 4
word TFI Fe F3. FL P2 F3 Fl_Fs_FT FT__F2__F3_ word FI___F2 T3 TP FJ F3 FI_F2 13
thok 550 1350 500 1350 500 1350 500 1350 cud 550 1500 550 1550 550 1500 550 1450
cut 500 1450 450 1400 500 1300 500 1400 beE 600 1400 550 1450 550 1400 600 1450
- 600 1350 500 1500 200 1550 450 1500 nGE 600 1450 550 1350 600 1350 550 1400
lut 500 1450 550 1450 550 1400 550 1450
naE 550 1450 500 1350 500 1350 550 1350
Segment [3] with tone [] Segment [§] with tone [—]
Word Fl—Té—E}: FI_'}"S_?T FT—FQ_P[ FI—_F;T Word FT_F%—'B: FI__FS—I FY_TS_N ﬁgT
cut 600 1400 550 1500 500 1450 500 1450 uF 650 1300 700 1350 700 1350 700 1350
ki 600 1350 550 1400 550 1350 550 1400 tef 650 1300 650 1400 650 1400 650 1350
oot 650 1350 550 1400 500 1450 550 1350 ke¥ 700 1350 650 1350 650 1300 700 1400
mo§ 550 1350 550 1350 550 1500 550 1400 bei 700 1400 650 1400 650 1350 650 1350
naE 600 1350 550 1450 500 1500 500 1500 1w 700 1400 700 1350 650 1350 650 1350
qut 600 1400 500 1500 550 1400 550 1450 owF 700 1350 650 1356 650 1350 650 1400

O

ERIC

A i Toxt Provided by ERIC

Blank spaces indicate vhere preciss measurements wvere not obtainable.
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FIGURE 10

f£] in open syllables
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of back vowels is approximately 50 cps. Table 11 summaerjzes
the measurements of F1 and F2 of the segment [6] of [u8] in
open syllables. Figure 11 is the graphic representation of
the same measurements. The effect of drop tone on the segment
[6] is seen to be very similar to that observed on the simple
vowel fo/f.

The domains occupied by [2z], [Z], and [6] in open syl-
labl2s are placed together on one formant chart as shown in
Figure 1la. This chart shows that the three sounds do occupy
three distinct areas even when the environﬁents of the complex
nuclei are enlarged to include all six tones and various ini-
tial consonants. This result gives further support to our
analysis of {2z], [Z], and [06] as three separate phonemes rather

than one single phoneme.
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Formant mcasurements of complex nuclet segment [8)

TABLE 11

Open syllable cycles/second
All tones Informant &4
e (9] with tone [-] Serment [8] with tone [/)
) 1 2 4 1 2 4
Aor. FIL_F Fy FI_PTFIT Fl__Fg_T-'T‘ FI_v Word FL__P? _F3 FT_ P2 T3 FI_—T-'S_FT 7 FJ
tud 250 1150 500 1150 500 1150, 500 1100 \6 600 1100 550 1100 500 1100 550 1000
L Lo 1000 450 1000 450 14C0 450 750 tdo 500 1150 100 1150 550 1100 500 1000
7 )10 1700 450 1050 450 1050 500 1000 edd 550 1150 00 1150 450 1100 500 1150
3y PO 500 1050 450 1050 450 950 1) 500 1050 45. 1050 450 1100 450 1000
e L0 1800 550 1100 550 1100 500 1000 149 450 1100 500 1."° 450 1000 450 1000
Wy W0 9990 450 1000 450 900 450 950 mdd 450 1050 450 1000 57 1000 450 999
T asn 940 450 950 450 1000 450 1000
01y LA o1Agn 500 1000 550 1100 550 1100
599 10y0 5€1 1000 500 1050 450 1050
vy L1122 455 1100 450 1000 450 1000
vl L1 1990 500 1050 500 1100 450 1100
Gin 1100 450 1050 450 1C50 450 1050
XG1 48T 1000 500 1100 500 1050 500 1100
) emens [3) with tone [N] serment [a] with tone [~] -
. . [
F1 F} F3 FI Pg F3 F1 Fg FI_ T F; T3 Word FI Fé T3 Fi Pg T3 ry Pg )3k} I )i T3
£692 1150 550 1050 550 1150 500 1100 d;; 550 1100 600 1050 600 110C 600 1150
£00 1180 €70 1150 550 1100 €00 1100 138 600 1.50 550 1150 500 1000 550 1150
492 1102 550 1100 550 1200 500 1100 17 550 1150 550 1100 550 1150 600 1150
4$%0 1100 500 1100 500 1009 507 1000
590 1102 450 1000 450 1000 500 1100
159 1150 550 1100 550 1100 550 1100
mu3 400 1cn9 500 1100 500 1000 500 1000
ceemert [31 with tone [&] Se~=ent [8] with tone [~
wors FI _n‘l F3 FT P22 3 PI‘"P% F3 b _F'éu F3 wod Pl_n'—il 3 K P22 ¥y F Pg F3 B F!u F3
g} 600 1050 600 1100 550 1050 600 1050 ar 650 1150 650 1150 650 1200 650 1200
) 550 1050 500 1050 550 1000 5CS 1000 bue 650 1150 650 1150 650 1150 650 1200
sU9 600 1150 559 1100 550 1050 550 1050 18 700 1150 650 1150 600 1150 600 1150
e 550 1150 500 1100 550 1100 500 1000

O

ERIC

A FullToxt Provided by ERIC

Blank spsces indicate vhers preciss messuremsnts vesre not obtainabdls.
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FIGURE 11
[6] in open syllables

All tones Informant 4
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FIGURE 1la

Domains of [-z] [-%] [-8] in open syllables

All tones Informant 4
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Different final consonants have varying effects on the
quality of the syllable nuclei. These differences are observ-
able in the frequency and shapes of formants. Spectrograms
16-19 illustrate the differences in formant shapes of [i3] in
an open syllable, such as [ki3], and in closed syllables with
the final consonants [-n], [-m], and [-n], as in [kzgh], [xizm],
and [kIZn]. As is easily seen on these spectrograms, the com-
Plex nuclei [i3] in the open syllable has a steady state of
[i] and a steady state of [3]. When there is such a steady
state on the spectrogram of a vocalic qualify, this point is
taken as the most reasonable place to measure the formant. 1n
the case of closed syllables, as seen on the spectrograms of
[(kxi3n], [kizm], and [ki3n], the second segment [3] is usually
shorter than the first segment [i] and usually has no observ-
able steady state. In the case of continually changing formants
such as these, it is difficult to determine where the formant
measurements should be taken, because a small difference in
time may result in a large difference in Fl and F2 mesurements.
For this reason, we applied the use of an amplitude display
unit in determining the point where F1l and F2 measurements
should be taken. Table 12 shows Fl and F2 measurements taken
at intervals of two centiseconds along the relatively steady
states of the formants of [i] and of [3] in [ki3] and, also,
those measurements taken along the continually changing
formants of [i] and [3] of [kfgh], [kfgh], and [k{gb].

Figure 12a shows a diarrammed interpretation of the formant

-62-



SPECTROGRAM NO. 16 SPECTROGRAM NO. 17

Informant L

—ra—— e

— v -y *
Smt s e Ce - M Rtoas AL
v . AL i e

K i_} K'|—3n

SPECTROGRAM NO. 18 SPECTROGRAM NO. 19

\

L2-o Y

carna
e me—
et .
.°\
-
et ..
Cas -,
" M L
e [
-—

ERIC

s 63




TABLE 12

Formant measurements at intervals of 2 centiseconds

Complex nuclei [13] Informant 4 cycles/second
Word [x13] (xizn] (kIzm] [(kIzn]
csec. Fl F2 Fl F2 Fl B2 Fl F2

0 300 2250 500 2350 300 2200 300 2200

2 300 2250 300 2350 350 2200 5o 2200
b 300 2250 300 2350 350 2200 354 2200
6 300 2250 300 2300 350 2150 350 2200

(e

300 2250 350 2250 350 2100 350 2150
10 300 2250 bhoo 2100 350 2050 350 2150
12 300 2200 450 2050 4oo 1950 4oo 2000
14 300 2150 500 1950 500 1800 500 1950
16 350 2050 500 1900 500 1400 500 1750
18 450 2000 500 1850 550 = 1250 550 1550
20 450 2000 600 1500
22 450 2000

214 4so - 2000

26 450 2000

Blank spaces indicate where precise measurements were not obtainable.
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measurements, with an x merking the point of the emplitude
peak of the segment [3]. Figure 12b shows how these measure-
ments would be interpreted on formant charts. Table 12 and
Figure 1l2a and 12b show the varying effects ol different
final consonants on the complex nuclei.

In a complex nucleus, there usually are two amplitude
peaks; whereas, in & simple vowel nucleus, there is only one
amplitude peak. The twc amplitude peaks of a complex nucleus
normelly coincide in time with the mid-points of the first
and the second segments of the nucleus. The mid-point and
amplitude peak of the first segment -~.lso coincide with the
steady state of that segment. This suggests that the point
where the second amplitude peak occurs is the target point or
near it, and therefore is the most logical place to measure
Fl and F2 of the second segment. Using this reasoning, the
measurements presented in the following tables were obtained
at the point of the second amplitude peak.

Table 13 presents the Fl and F2 measurements of the
cegment [3] of [i3] in closed syllables with /-m, -n, -n,

-p, -t, -k/ as the final consonants. All tones are represented
here in the utterances spoken by Informant 4. Figure 13 is

the graphic representation of the figures presented in Table
13. It mey be noted that the domain of [3] is slightly larger
and more centralized in these examples then is the domain of

{5] in oren syllabdbles.
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FIGURE 12a

F1 and F2 of complex nucleus [i3]
in different environments

Informant 4

LI B

{1

x marks the amplitude peak of segment [-3]
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FIGURE 12b

Formant movements in complex nucleus [13]

Informant 4

x marks the amplitude peak of segment [-3]
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TABLE 13

Formant measurements of complex nuclei segment [3) Closed syllable cycles/second
All tones Informant
Scrment [ 5! with tone [=]
Segment [3) with tone [ ]

1 2 ] 1 2 3 4
womi FL_ T F3  FI__Fe 13 FX—F%'_ET o S P worda FI_PZ T3 v ¥y F_F_ ™ FI ¥ ™

TS 5o 1700 600 1500 600 1500 600 1500 tizp 500 1700 550 1700 500 1750 550 1700
LT3 60 1500 600 1500 550 1500 550 1500 chf;p 500 1650 550 1650 500 1650 550 1700
Ao 600 1500 550 1500 500 1550 ef3p 500 1700 500 1700 500 1700 550 1700
T o9 1550 600 1500 600 1500 500 1500 ki3p 500 1650 500 1700 500 1750 500 1750
ulim 600 1600 550 1600 550 1600 . rizp 850 1750 500 1800 500 1750 500 1750
uisn 550 1550 550 1600 500 1650
T3t 500 2000 500 2000 500 1950 500 1950
Tin 51 LI60 600 1900 550 1950 600 1900 ti3t 500 1900 550 1950 550 1950 550 1950
LTin 550 1900 550 1900 550 1950 600 1850 th{zt 550 1900 500 1950 500 1850 500 1950
¥TZn k59 1040 500 1950 150 1950 50 1950 bist 500 2000 500 1950 500 1950 500 1900
pITn 550 1950 550 1900 500 1950 €00 1850 ni3t 500 2000 500 2000 500 1950 550 1850
aT3n 550 1850 500 1900 500 1900 500 1900
risn 550 1950 600 1900 600 1850 tI3k 500 1700 500 1750 550 1750 500 1800
nI3n Ly 2000 h50 2000 " 550 2000 150 1950 tPzk 500 1750 500 1750 500 1750 500 1750
1Tz 450 1950 450 1950 450 1950 ci3k 550 1650 550 1750 500 1800 550 1700
nT3n 550 1950 550 1900 550 1900 bisk 550 1750 550 1750 550 1850 500 1800
) aizk 550 1700 500 1750 500 1800 - 500 1800
thT3n 550 1600 550 1650 500 1690 550 1600 pIzk 550 1800 500 1800 500 1750 500 1750
e1Za 550 1600 550 1700 550 1550 .
T 600 1600 550 1650 550 1700 - {zm  4s0 1500 550 1600 550 1500 500 1600
oTTn 550 1750 s50 1750 550 1750 tTim 550 1500 550 1500 550 1500 500 1500
xI%0 500 1500 150 1500 500 1550 k.r’m 500 1550 150 1550 150 1750 150 2600
. b{sm 550 1500 550 1500 550 1500 550 1500
Sesment [5] with tone [\] 1Gm 500 1550 500 1550 . 450 1600 - 550 1500
tDym 650 1500 650 1500 600 1500 600 1550 f3n 550 1900 550 1950 550 1950 550 2000
thT3m 500 1500 600 1500 550 1550 600 1600 tf3n 500 1950 500 1950 500 1900 550 1900
13m 600 1400 600 1500 600 1450 ' 600 1500 tPf3n 550 1900 550 1900 500 1900 550 1900
nT3m 650 1450 600 1500 600 1500 600 1500 1T3n 550 1900 500 1850 550 1900 550 1900
'Jrsn 550 1950 550 1950 550 2000 550 1950
tI3n 600 1900 600 1850 600 1900 " 600 1950 .
thT3n 550 1850 550 1950 550 1900 600.1900 ti30 550 1550 550 1600 550 1600 550 1600
1T3n 600 1850 600 1850 600 1900 600 1900 bI30 550 1600 550 1650 550 1750 550 1650
nfyn 600 1850 600 1900 600 1850 600 1950 af3y 550 1600 500 1700 500 1700 550 1650.
L ' m{3n 500 1600 450 1800 450 1800 50 1850
Segment (3] with tone [~] vi3n 550 1650 550 1700 550 1700 500 1800
Word FI_F:ZL_H_ Fl_?gﬁr Pfﬂ%_‘l’}" Fﬁg—l’r ‘ »
- Segment [3] with tone [)
1T3m 550 1500 600 1450 600 1400 600 1500 ) ) 3 Y
rf3m 550 1550 550 1500 550 1550 550 1550 Word  FIPZ F3 FIF2 ¥y FITFI_¥§ FI_F2¥3
: ) tI3p 600 1650 600 1750 600 1650 550 1650
t3n 550 1900 550 195;1. 550 1950° 500 2000 daT3p . 550 1650 600 1550 550 1600 500 1700
1f3n 550 1950 /550 1900 550 1950 550 1900 2T 600 1700 550 1750 550 1800 500 1750
rfn 550 1900 - 550 1950 550 2000 550 1950
tT3t 550 1750 550 1850 " 550 1800 550 1800
nT3q  600.1600 600 1750 600 1750 600 1800 tPI3e 550 1800 550 1700 500 1750 550 1800
) nI3t 550 1850 550 1900 550 1900 550 1900
Segment (3] with tone {+] o . o3t 550 1800 550 1850 5501800 550 1800
4m 600 1500 550 1550 550 1600 550 1600 vI3k 600 1700 550 1700 600 1700 600 1750 ¢~
th¥m 650 1550 . 600 1550 650 1500 ~ 600 1500 vI3x 600 1650 600 1700 550 1750 550 1700
kin 600 1450 550 1450 550 1300 ’ 5.50,1500 | tTim 650 1400 b 600 1450 600 1;450 ‘ 650 1450
em . 600 1500 550 1550 550 1500 6002500 T 650 1050 600 1500 600 1500 600 1500
: P . ‘ oT¥m ‘650 1450. . 600 1500 * 600 1500 600 1500
th4n  600.1900 550 1900 600 1900 ‘ ‘550 1950 - . S .
' : . "tT3n . 600 1850 600 1850 -~ 600 1800 600 1800
Yo 650 1700 600 1800 550 1800 ) 6oo 1750 thT3n  600. 1850 600 1800 " 600 1850 600 1850
-t Q . . ' |
E lC(‘nk spaces uluuut- vhers precise messurements vers not qbtlinlb'lg. ’ 11?., 700 1500 . 659 1500 - B 700 1500 . 650 1>500

R - EE Ve
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Table 14 presents the F1 and F2 measurements of the
segment [Z] of [wZ] in closed syllables with /-m, -n, -0, -p,
;t, -k/ as the final consonants. All tones are reprerented
in these utterances by Informant 4. Figure 14 is the cor-
responding graphic representation of the figures presented in
Table 14. It may be noted that the domein o1 [Z] in these
examples of the nucleus in closed syllesbles is slightly larger
and extends further back than does the domain of [Z] in open
syllables.

Table 15 presents the F1l and F2 measurements of [8] of
fue] in closed syllables with the same final consonants, and
with all tones as spoken by Informant 4. Figure 15 is the cor-
responding grephic representation on the formant chart. It
may be ncted that, here again, the domain of [8] covers a
slightly larger area and extends further back on the formant
chart.

Fipgure 15a is a comgnsite chart showing all “hree nuclei
segments [3), [%), and [8] in a variety of environment:. Some
overlap of the three is seen in this presentation: but c¢n care-
tul examination, it is clear that this overlap is regularly
conditioned. Three different environments are included on this
shart. The small dark areas indicate the domains of [3], [Z],
and [0] in the restricted environment [t-n] with level tone.
The larger striped areas ina:zate the domains of {3], [Z], ana
[6] in open syllables with all six tones. The very large white

areas show the domains of [2], [Z], and [8] in closed syllable

-70-



TABLE 14

Formant measurements of complex nuclel negment (%) Closed =syllable cycles/second
All tonen Informant 4
serment [#] with tone [-] Segment [#) with tone (/]

1 2 4 1 2 4
word FI F2__ T3 FI__F2  ¥3 F FI__ _F2_F3 Word FI__®2 T3 FI__F2 T3 FT“FS—E FL__F2__FT
tu¥m 550 1150 500 1200 550 1200 550 1200 baIm 550 1100 550 1150 550 1150 550 1100
nafm 550 1150 550 1200 550 1200 556 1150
za¥m 500 1150 500 1200 500 1200 500 1150 main 600 1550 600 1600 600 1500 560 1440
a¥n 600 1400 £00 1400 600 1400 600 1350 baEn 550 1150 600 1200 600 1200 550 1150
lu¥n 550 1450 500 1400 500 1500 550 1450 nikn 550 1150 600 2200 600 1200 550 1150

h&En 550 1200 550 1100 550 1150 $00 1200
tufg 600 1200 600 1200 600 1200 550 1200 -
] iip 600 1150 600 1300 500 1200 €00 1300
cafy 650 1200 650 1250 550 1250 550 1250 ~
kiip 600 1200 560 1250 550 1200 600 1150
wa¥n 600 1150 600 1200 600 1200 600 1250 .
mélp 550 1200 550 1150 500 1150 550 1100
bw¥n 600 1250 500 1250 500 1250 500 1250
uafq 550 1200 500 1200 500 1250 500 1250 .
it 550 1500 600 1400 550 1400 550 1350
13Ty 550 1200 500 1200 450 1300 500 1200 .
tift 600 1450 550 1450 550 1450 550 1400
ma¥y 5§50 1200 550 1200 500 1300 550 1300
16ft 550 1450 550 1400 550 1450 550 1500
n%¥y 600 1200 620 1250 600 1250 600 1200 .
miEt 600 1600 550 1550 550 1500 550 1550
ru¥n 600 1200 600 1250 600 1200 550 1200
ha¥n 650 1150 550 1150 507 1150 550 1250 .
iEk 550 1250 600 1300 550 1250 550 1150
t@¥k 600 1200 600 1250 600 1250 600 1300
k@Ek 550 1250 600 1250 600 1300 550 1250
serment [#) with tone (N\] bdEk 550 1250 500 1250 550 1250 550 1250
1 2 3 4
word FI oI k] FT T2 73 Iy T3 ol F2__ r3
- Segment [#] with tone [~]
cwdm 550 1100 550 1100 600 1150 600 1150
1 2 i
Ka¥m 550 1100 550 1150 550 1100 550 1150 word FI _F¥2 F3 FI_F: 1 FI— F FI—Fz F3
na¥m - 600 1200 600 1150 600 1250 600 1250 &in b50 1500 600 1450 600 1450 600 1400
zaim 600 1150 550 1100 600 1250 550 1200
KG¥n 650 1200 650 1200 600 1200 600 1200
cu¥n 600 1450 600 1400 550 1350 §00 1350 198 650 1300 600 1250 650 1200 600 1200
vain 600 1450 600 1450 600 1450 550 1450 poEn 650 1200 fCu 1250 650 1300 650 1300
~
swén 600 1400 550 1400 550 1450 600 1450 zafn 650 1250 600 1250 600 1250 600 1200
tely 650 1250 650 1200 600 1250 600 1250 Segment (3] with tone [—]
caln 600 1250 600 1250 600 1250 £00 1250 1 2 g 4
word FI Jay F3 FI F2 F3 T F2 k]
Ka%n 650 1200 600 1200 650 1250 650 1250 -
~ de¥m 650 1100 €50 1150 £33 1150 650 1200
dwln 650 1200 600 1200 600 1200 600 1200 —
~ lu¥m 600 1150 650 1150 600 1150 600 1150
lukn 600 1250 650 1200 600 1200 600 1250 .
~
mufq 650 1200 600 1200 600 1230 600 1250 —_
< lwEn 650 1400 650 1350 650 1400 650 1400
nwin 650 1200 650 1200 650 1200 650 1250
ma¥n 650 1450 650 1450 650 1450 650 1500
neEn 600 1250 550 1150 600 1150 650 1200 i
vuln 650 1400 650 1500 650 1500 600 1500
-
tadn 700 1250 700 1250 €50 1250 650 1200
Serment [E] with tone [v] 1u¥n 650 1250 650 1250 650 1200 650 1250
word 1 2 FI_FE_P}_ : puin 700 1250 709 1200 70n 1300 700 1250
_— -
- 1250 20 1250 00 1250
t3fn 600 1200 550 1200 550 1150 550 1150 nuin 700 1250 700 125 730 125 7 5
t"33n 650 1250 600 1200 550 1150 550 1200 cat 600 1350 650 1350 600 1350 €00 1350
cudn 650 1200 600 1200 600 1250 600 1250 ma¥t 600 1500 650 1450 600 1450 600 1450
sukn 550 115¢ 500 1100 550 1150 500 1100 velt 600 1400 600 1500 600 1450 650 1500
naEn 600 1150 600 1150 600 1150 §no 1200 zaft 600 1350 550 1450 550 1560 550 1400
duBk 650 1250 wu) 3250 600 1250 600 1250
puFk 650 1250 €00 1200 550 1250 600 1200
Blank spaces indicate where precise measurements vere not obtainabdle. qm 700 1250 650 1250 650 1250 650 1200
O
ERIC - | )
- -71-
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TABLE 15

Formant measurements of complex nuclei segment [0] Closed syllable cyclea/second
All tones Ibrormanc ]
Serment (9] with tone [-] .Segment [8] with tone [~],
. 1 2 3 ] 1 2 3 4
Wore FL _F2 F3  FL _Fe F3 FL_F2_F3 FL__F2 73 Word FI_PF2 ¥3 FI_F2_ F¥3 FI_F¥2 F3 F_F2 T3
cligm us0 850 450 1000 450 1000 niem 500 750 350 B50 350 800
e 400 1000 100 1000 450 1000
KkGan 550 1050 500 1100 500 1650
L 450 1100 u50 1150 450 1150 maan 450 850 450 950 550 950
T 450 1100 450 1150 450 1000
bEgn 450 1150 450 1100 50 1100 hel) 450 850 450 850 500 850
ey 500 1150 450 1050 100 1000 kB4 550 950 500 950 500 950
mTIn 450 1100 400 1050 500 1050 miB o 500 950 500 900 450 800
. hd8q 450 goo 450 850 450 1000
o 550 1000 500 1000 500 950
ey 500 1000 500 1000 450 950 tfdt 400 1150 400 1100 500 1100
hiTay 500 1106 450 1000 550 900 ot 400 1150 450 1100 450 1150
13y 450 900 450 1000 450 1000 biBt 350 1050 35¢ 1000 350 1050
Yy 150 1000 150 1000 450 900 nifpt 450 1150 105 1050 350 1150
nary 550 900 450 1060 450 1000 :
1Bk 450 900 350 850 450 900
kiBk . 430 1150 400 1150 500 1100
ddek 500 B00 500 A00 450 900
miBk u50 950 450 1000 450 1050
Semmint 1] with tone [\] Segment [3] with tone (~}
1 2 2 y 1" 2 3 4
Wora FI _Fo T3 FT_T¥2 F3  FI__¥Z T3 FL_F: FI_ Word F1_¥2 T FI "F"F3 F1__72 F3 FL_Fe_Fi
bam 500 1000 500 950 450 850 kTm : 550 900 500 850 500 850
' miam 500 850 500 950 500 300
™ 550 1200 550 1200 500 1150 o '
clun 500 1150 500 1150 550 1150 mGbn 500 950 500 €50 500 350
ladn 450 1100 500 1100 500 1100
qudn 500 1100 500 1100 550 1050
““\3" 500 }000 500 950 500 950 Segment [9] with tone [—)]
vidy - 500 1100 500 1050 500 1050 ] 2 3 "
1090 500 900 500 950 850 1000 - Wora FI_F2 7Ty FI P F3 FT T2 F3. PFL__Fr ¥
bude 500 1000 553 1050 500 1050 Pugm 550 850 500 350 500 ©56
kuen 550 1150 . 500 1150 550_1100
miz3n ' : 500 1150 500 1100 550 3152
guan ' 500 1200 550 '1200 500 1150
. kudn 550 950 " 550 900 550 1000
Segment [3] with tone [+] ’ zudn 550 950 ' 500 900 550 1000
3 2 DR
word FIL P2 _¥3 FL__F2 F3 M F% k] FI__ ¥z 75 , )
e : 500‘ 850 ¥50 950 500 950 st . usg lo00 500 1100 450 1150
o350 : 500 900 500 950 * 500 1000 cust 500 1150 500 1200 500 1200
. bust 450 1100 550 1100 u50 1050
zUgt u50 1150 500 1150 500 1100
2 2 .
Mgk ] 500 950 456 950 500 1000
cudx ) 500 1000 550 1050 550 1050
KBk : 550 1100 500 1050 500 1050
biEgk 500 950 - 450 950 . 450 900
.Bllnk apaces indicate vhere precise messurements vere no.t obtainable. l_ﬁk ’ 500 1050 550 100.0 N 500 1000
Q ‘ .
“ERIC , | L
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FIGURE 15a
Comparison of [2] [Z] and [98]
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with /-m, -n, -n, -p, -t, -k/ as final consonants, with all
six tones.

As was demonstrated in the preceeding chapter and as
is seen here, the domains of the nuclei segments [3], [Z],
and [0) are clearly separated in e restricted environment such
as [t-n] with level tone. Whe. the environment is expanded to
include all six tones, but restricted to open syllable types,
the domains of [3], [3], and [8]) are still clearly distinct
from one eanother. VWhen the environment is expanded to include
cleosed syllables and all tones, overlap of the three domains
does occur; but, this overlap is in a reguler pattern, i.e.,
the donmeins move backward on‘the formant chart,

To check and augment our data, we examined and ana-
lysed the recorded material of Informant 3 according to the
same procedures used with that of Informant 4. Tables 16, 17,
and 18 are the measurements of Informant ?'s [3], [£], and
(8], respectively, in open syliables, including all tones.
Figures 16, 17, and 18 are the corresvonding graphic represen-
tations on formant charts.

Figure 18a presents the domains occupied by [3], [3],
and [0] in open syllebles on one formant chart. Although
Informant 3's {#] and (8] show some marginal overlap, [3] is
clearly separated and in general, three domains can be

identified.
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TABLE 16

Formant measurements of complex nuclei segment [ 3] Open syllable

Segment [4] with tone [-]

\iory
oI
W3
Ty
KTy
vy
153
nls
ni3
vTF

Z

i

1
hiz

Word

[}
4

-
v Y Y

=
[
W

1 2 4
B_F P F1__F2 _¥3_ Fﬁ%—‘ﬁ—a A . -
750 1800 700 1750 700 1850 700 1700
750 1750 700 1800 700 1700 650 1850
700 1750 650 1800 700 1800 700 1800
700 1800 700 1900 700 1900 §50 1900
700 1850 700 1900 650 1850 650 1850
700 1750 700 1900 700 1900 700 1850
700 1900 650 1990 650 1850 650 1850
700 2000 550 2000 650 1900 550 2100
700 1950 700 1950 650 1850 650 2050
550 2070 700 1950 650 1950 550 2000
600 1800 550 2000 550 2000 550 1900

Segment [5] #ith tone [~\]
1 2 [
FI_F2__F3 FI_Fe _F3 FI“‘?%“‘F?‘ L FT F3
900 1750 Bog 1800 750 1900
800 1900 800 1900 750 1850
800 1750 850 1750 750 1800
850 1809 800 1800 800 1800
850 1850 850 1750 800 1850
[

Segment [3] with tone [v]

ERIC

Aruitoxt provided by Eic:

All tones

850 1700
900 1740
900 1650
850 1650

850 1700
900 1700

" 900 1750

850 1700

850 1700
850 1800

850 1750

800 1750

800 1750
850 1800
800 1800
800 1800

Blank spaces indicate vhere precise messurements vere not obtainable.

"

cycles/second
Informant - 3
Segment [3] with tone [~]

1 2 3 ' 4
Word FL__¥2 F¥3 FI__FZz ¥3 FI __F¥e_ F3_ FI__F2 71
ti3 750 1950 750 1900 750 1950
ni3 800 1950 750 1850 750 1850
ei3 756 1800 750 1850 700 1990
xi3 " 750 1850 750 1950 750 1950

Segment [3] with tone ([~

1 2 3 4
word FL P2 F3 FI__F2 F3 FI_Fa_F3 FI__F2 v¥3
of3 900 1850 850 1950 850 1900
afy 850 1500 850 1850 800 1950
ni3 850 1900 850 1850 800 1850
o3 850 1950 850 1850 850 1850

_Segment [3] with tone (=]

1 . 2 . g ' 4 }
word FI_F2 F3 FL _Fz T3 P FI__Fe ¥y
»i3' 850 1950 850 1900 #50 2000 35¢ 1900
4I3' 850 1900 850 19500 800 1950 800 1950
113" 850 1850 800 1300 850 1850 850 1950
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TABLE 17

Formant measurements of complex nuclei aegment [} Open syllable cyclen/second
. All tones Informant * 3
Ferment [3) wit. gone [<] ' Segment [%] with tone [~]

1 2 3 4 V 1 2 3 LI
wors P TTFE FR F1I__¥2_ F3 FI ¥ 7y FI_¥z__FL Word FI_¥2 ¥3 FL_F2 F3_ FIL__Fe_ F3 FL__Fe FI
" 3 490 1359 650 1300 600 12%0 600 1250 c-/i 650 1300 650 1300 550 1300
BT w1300 600 1250 600 1250 600 1200 ki 750 1300 650 1300 650 1350
cu¥ 700 1350 700 1350 650 1350 €50 1300 bl 700 1400 650 1350 650 1340
du¥ 640 1300 ©50 1250 600 1257 650 1350 a3 650 1350 650 1300 600 1350
mu¥ 5501200 A50 1250 €50 1250 650 1250 1{} 650 1350 650 1250 600 1450
su¥ ta0 1300 650 1250 650 1250 650 1250 m&E 750 1250 650 1250 500 1290
zu¥ 650 1390 500 13¢8 650 1300 650 1250 nm/i 650 1300 650 1400 600 1450

Y11 60C 1350 £60 1350 600 1450
_hai 650 1300 650 1300 600 1250
Segment (] with tone [\) Segment [%] with tone [~]

1 2 3 4 1 2 2 4
word FI P2 F1_  FI__¥e F3 FL__Fe FP3 FL__F2__P3_ Word FI__¥2 Fr_. T ¥z F3 FI_F2_F3 FL_ ¥ F3_
ouE 800 1400 750 1400 750 1350 cat 802 1500 800 1500 750 1500
bm\l 750 1400 750 13560 750 1350 bat 8oa 1400 B50 1450 B850 1500
l?} 750 1450 750 1uQ0 750 1400 nvf‘;’ 800 1450 Bo0 1450 B00 1450
owE 750 1350 750 1350 750 1400

|
Segment [$] with tene (v) ‘ Segment (%] with tene (]
Word Fl_FéT FI_P%'_FB_ FI"‘T?’_YT FI_F;—FF Word FI_—F%_P?_ F‘l_?g_ﬂ: Fﬁ%ﬁ? Fl_Fg_“TT

c}:/} 850 1350 850 1400 890 1400 Y 750 1350 750 1350 75¢ 1350

kn\u/; B50 1400 800 1450 800 1ls50 tud 750 1400 750 1350 750 1350

bE/I B50 1450 850 1400 850 1400 KuE 750 1350 750 1350 750 1400

maE 900 1450 900 1400 950 1400 vad 750 1400 750 1350 750 1350

m}i 850 1500 800 1500 800 1500 JOFS 800 1400 800 1400 750 135%0

qﬁ 850 1500 850 1450 B50 1500 nuE 750 1350 750 1300 750 1350

Blenk speces indicete where preciee measurements vere not cbteinable.

o :
_ERIC |
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Tat . 1B

Formant measurements of complex nuclel serment {8] Open sylladble cycles/second
N All tones Informant 3
Secment [0 with tone (-] Seqment (8] with tone [~}

1 ] 1 2 3
wors  FL_ W ¥y FIL__F.  P3 FT__ K] FL__Fe T3 word FT__Fo _Fy FI_¥2 ¥y FIL__Fe ¥y
TR Tue 11%0 700 1700 750 1047 . 700 1200 i1} * 550 1050 600 *05D 0o 1lon
L Th0 1250 700 1200 700 1262 700 1200 £ 650 1000 600 1000 600 1003
cud 650 1250 700 1200 £00 1200 600 1200 ¢ D 600 1000 600 1200 600 100
ey (50 1050 790 1250 750 1247 700 1200 bifd 500 1000 Lo 9N (LT
niy L00 100a 600 100 600 1200 %00 1200 1 600 lun0 600 1200 550 110
Wit 00 LaRe 500 1000 500 1007 100 1100 n(id 6N 1000 6or 950 600 110
e +NO 1100 600 1100 LUU 1200 400 1100
viTh 700 1150 700 1150 700 1140 700 1150

I na 1190 600 1100 000 1200 500 17200

RI¥E) fano1an0 tno 110¢ 600 1150 600 1150

A anno1a0n ¢nn 1200 60N 1180 0o 1200
Serment (81 with tone [N\] Segment [8] with tone [~]

1 2 3 y 1 2 3 Y
word FI_ ¥2 ¥3 FT __¥F> F3 FI__Fe F3. T _F2 F5_ Word F2_ T FT __F2_F3. FL_F0 73 FI 72 F3
i} 650 1050 650 1100 657 1100 ‘ dud 700 1290 750 1200 750 1250 750 1250
cud 750 1200 650 1200 650 1200 169 750 1300 750 1200 750 1250 750 1250
buo 650 1100 650 1100 650 1100 zid 700 1200 750 1300 750 1250
dus 650 1150 750 1200 650 1150
143 750 1204 780 1150 740 1200
mu3 650 1100 600 1050 600 1150

Sesment [8) with tone [V] , Segrent {8] with tone [—)

1 2 3 4 1 F] 3 ]
word FI__Fe F3 FL_¥2 F¥3 FL_¥F2_ F3 FI__Fo F3 Wword FI1__F2 73 FL __F2 _F3 FT_TFe =3 FI_ Fe _¥3
36 850 1200 800 1250 750 1150 £00 1150 ue 750 1200 750 1250 750 1150 750 1150
k0% 850 1200 750 1200 800 1150 bud 750 1200 750 1150 700 1200 700 1150
2.5 806 1200 850 1300 850 1250 109 750 1200 750 1250 750 1250 700 1200

Q ' o
E lC Blank spaces indicate vhere precise¢ neasurements vere not chtalnabl-

Aruitoxt provided by Eic:

-A1-
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FIGURE 18a
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Tables 19, 20, and 21 are the measurements of the
three segments [3], [Z], and [0] of Informant 3 in closed syl-
lables with the final consonants /-m, -u, -0, =-p, =-t, =-k/, in=-
cluding all six tones. Figures 19, 20, and 21 are the corre-
sponding charts,

Figure 21a is the composite chert showing all three
nuclei segments in the three environments examined: [t-n]
with level tone; open syllable with 8ll tones; and closed syl-
lables with all tones. As with Informant 4, the overlap which
is apparent is regularly conditioned with the domains becoming

larger and moving further back on the formant chart.

-8k
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TABLE 19

Formant measurements of complex nuclel segment (3] Closed syllable cyclep/j_second
All tones Informant 3 '
wwment {31 with tone (-] Segment {3] with tone [~]  * K
1 2 y 1 2 3 Sy
word FIL __F2 F3 FI_Fe_ ¥3 FI _F2 13 FI_F2 73 Wword FI _Pe F3 FL__F2 _F3 F1__F2 _F3 FI__Fe 73 -
3m 550 1900 550 1850, 550 1900 3m 650 2100 650 2050 650 2050
550 1950 550 1950 550 1850 ti3m 650 2100 630 2000 600 2100
550 1900 550 2150 550 2000 kizm " 600 1950 650 2050 600 2007
550 1900 - 550 1850 550 2100 '
' 550 1950 550 1950 550 2050 T3n 700 2150 700 2100 700 2100
05m 550 1900 550 1850 550 1850 t{3n 750 2200 750 2000 750 2150
in 550 2250 550 2150 550 2150 ti3n 500 2050 500 2000 600 1950
+{%n 550 2050 550 1900 550 1950 b330 . 600 1950 600 1950 - 600 2150
kI3n 550 2200 550 2100 550 2150 afzg 500 1950 500 1900 500 1050
e 550 2150 550 2100 550 2100
GV 550 2150 550 2150 550 2150 B
wTSn 550 2250 550 2150 550 2250 tizp 650 1850 - 600 1900 600 1500
ATin 550 2150 500 2250 500 2150 kizp 650 2000. 650 1800 700 1900
pT3n 550 2200 500 2100 500 2050 _
nT3n 500 2250 500 2100 500 2100 3t 650 .650 2050 650 2200
et 700 1950 650,1950 650 1950
L 500 1950 500 1950 500 1900 izt 650 1950 650 2000 650 2000
k139 550 1900 550 1850 550 2000 -
WTin 550 1850 550 1900 550 1900 t13k 700 1750 700 1750 650 1800
pizk 700 1850 700 1800 650 1800
——— afzk 750 1850 700 1750 650 1800
LT3 800 1750 800 1750 800 1750
n13p 800 1850 800 1850 800 1800
- Segment {3] with tone [~j
13k 750 1950 750 2000 750 1900 ) ) 3 Y
r,hi?: 800 1900 750 1900 750 2000 Worda PI__Fe F¥3 FL_ Fe P3 FL_Fe F3 - FL__F2_F3
nT3e 750 1950 750 1950 750 2000 1T3m 850 1850 850 1800 800 1950
T3 750 2050 800 2100 750 2000 i3m 800 1900 750 1750 750 1850
ti3k 750 1750 800 1750 900 1750 330 850 2050 800 2050 800 2000
VI 800 1750 800 1800 800 1750 1T3n 800 2100 850 2000 800 2100
ri3n 800 2100 800 2100 750 2200
Sepment (3] with tone {\] ) - o
; 5 : ' nT3n 750 1900 750 1900 750 1950
Word F1_F2 F3 FI__F2  F3_ FI_FE_PT FI _F2 P73
tTym 800 1850 800 1800 800 1850 )
kT3m 800 1850 800 1850 750 1800 T
1T4m 800 1750 750 {800 800 1800 Segment (3] with tone [
niym 800 1800 750 1750 750 1750 1 2 3 4
. Wword FI_ _F2 F3  FI _F2 F3 PFL__F2 F3 FL_F2 _F3
tT3n 800 2000 800 1950 800 2000 tigm 800 1800 800 igo0 " 800 1900
T30 800 2000 750 195'0 750 1900 nigm - 800 1900 - 800 1950 800 1900
nlyn ~ 800 2150 800 2000 750 2100 n13m - 150 1900 800 1950 750 1950
Segment {3] with tone (V] ‘ t13n 800 19.50/ ',“80‘0 1950 ST ‘.;"800 1300
. ) L, T t"h " 850 1950," 850 1900: 850 1950
Word Fe__F F1L_F2__F3 FL__Fe- ¥3 FL__F2 F3 '
Yim. " 850 1800 8001700 850 1800 113 800 ‘1850 800 1500 800 1900
t7E5m 850 1750 850 1700 850 130
ki 800 1800 850 1700 750 1950
"5n 850 1950 750 1900 700 2000
. Q - . )
EMC 900 ﬂ!OD 850 1700 850 1650 '.'ylilnnk spacen indic‘u_te where precise neAnprementi'v.vere not obtainabdle.. -
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TABLE 20

Formant measurements of complex nucleil segment {¥) Closed syllable cycles/second
All tones Informant 3
Serment 1] with tone L-1 Segment [I] with tone {1
1 2 i 4 1 2 3 UL S
wort FI _Fe _F3 F1__F2z __F3 FL__Fe F3 FIL__F2 F3 Word FI_Fe F3 F ¥z _F3  FL_F F3 FIL W 783
tw¥m 600 1200 600 1200 600 1200 baZEm 500 1250 500 1250 500 1240
na¥m 550 1350 550. 1350 550 1350
e {8 600 1200 550 1250 550 1250 mEEn 500 1400 600 1500 600 1500
i 500 1300 500 1400 500 1400 biZy 150 1200 450 1200 450 1207,
13n - 5001400 500 1450 550 1350 n@En 500 1250 500 1250 EL0 1200
haty 500 1300 500 1300 500 1250
Ly 550 1450 550 1400 550 1350 .
¢ty 550 1350 550 1350 550 1350 ap 700 1350 650 1350 650 1340
Uiy 550 1400 550 1400 550 1400 xitp 700 1350 700 1400 650 1350
duTn 550 1400 550 1350 500 1350
15%y 550 1350 500 1300 500 1300 Tie 650 1400 650 1450 650 1450
na¥e 550 1400 550 1400 550 1350 el 650 1350 650 1300 650 1350
“haEy 550 1350 550 1350, 550 1350 105t 650 1400 600 1500 600 1500
- - - | ik 700 1300 700 1300 700 1350
) t8Ek 650 1300 65. 1300 650 1300
thaTk 650 1300 650 1300 650 * 50
rifEk 650 1250 650 1250 650 1250
- hdik 650 1250 650 1250 650 1250
Sepment {I] with tone [\]
R T 2 3 4
Word FL _F2 T3 FI_F2 F3 FI _F2 F3 F1 F3
c..z;m 750 1350 750 1450 700 1400 " segnent (3] with tone [~] .
kuim 700 1350 700 1400 750 1400 T 2 - 3 4
nwim 800 1450 750 1350 " 750 1350 Word FL _®2 _®3 FI_F2 F3 FL_Fe F3 F1_F2 P3
20Im 700 1400 700 1350. - '.,"50"‘*1300 ) atn 700 1650 700 1650 700 1600
650 1500 700 1500 700 1550 0%y 750 1350 750 1350 750 1300
750 1550 750 1500 750 1600 Ktn 750 1200 _ 750 1300 700 1250
750 1550 750 1550 750 1550 rkn 750 1250 750 1300 700 1350
tutn 700 1400 650 1300 650 1350
cw\Io 700 1400 *650 1350 ., 750 1300 Segment [] with tone [—J
15;0 890 1350 650 1350 jl/ 750 1350 VQ;!E FF_F%_W FI Fg F3 F1 Fg FS‘I F1 Fg F3
hun 650 1350 700 1400 j 7001350 o . 700 1450 750 1400 750 1350
1wEm 750 1400 750 1400 750 1350
s luFn 700 1350 750 1400 800 1400
- mun 800 1450 800 1450 800 1450
- i » va®n 750 1400 7501350 750 1400
- ! {
Segment [F] with tone [V] I : :
i N : . ,r “ twln 750 1350 7001350 750 1350
Word FI_ P2 F3 FL__Fz _¥3. PT_FE_FT P _F3 1u%y 700 1300 700 1300 700.1350
Y] _ 700 1250 ' 700 1250 700 1200 fer 8 700 1400 750 1350 700 1400
o¥En 700 1250 750 1250 750 1250 ~ .
hiZa 800 1250 750 1300, 750 1300 cudt 800 1400 750 1350 700 1ur;o.
. ‘ meTt 700 1400 700 1850 700 1400
vuse 753 1350 750 1350 750 1350
f» . zaRt 750 1400 ° 750 1400 750 1350
duk’ 700 1250 700 1200 700 1200
B nﬁk 700 1400 700 1400 700 1400
) . oﬁk' 700 700 1200

e

‘a lidlcnte.vhnrn precise -cilurnlqntl were not obtainabdle.

e T

1200

1150



FIGURE 20
[£] 1n closed syllables

All tones Informant 3

T TR T T T T T 1

3! | 3
sl 1 —2
] —
"L—' . 50 uE-o.:'- ‘—s‘H
Y 2 ) po—
c’. g"‘ ]
et i.
o ¢ :i‘j::'.:-... . -4
R o ERU 7
o 3e0 o :7.':} -
“'—' .‘ » " B FORMANT
CHART
9  Calibrated in hundreds
of cycles per sscond.
B 10 6 centimaters » | octave
Smillimsters = { semitons
l (1]
2 2 116 1

_88-




TABLE 21

Formant measurements of complex nuclel segment [3] Closed syllable cycles/second
All tones Informant 3
Semment [3] with tone [-] Segment [9] with tone [~]
Vori P T "F'_%':;: Wz—ﬁ‘ Fl_r‘g—rj— FI_—FEH—T}— Word  FI_ F; F3 71 r-‘g ¥3 ﬂ_i'%—s's FT‘-F':'"TT
el 500 1200 ™ 500 1050, 500 1050 ,.(’.{" - 450 950 450 950 450 950
ni e 550 1050 500 1050 500 1050
Xi3n 450 1250 450 1250 450 1259
i 500 1300 - 500 1300 500 1250 midn 500 1250 500 1200 450 1200
LT 500 1300 500 1300 500 1300
Lt 500 1300 500 1300 500 1309 8 © 450 950 150 950 h50 940
© o 1dTn 500 1300 500 1300 500 1300 cifon 50 1000 450 1000 500 1000
ol in 500 1350 500 1350 500 1300 mio g 450 950 450 950 150 1000
hiday : 450 950 450 050 450 950
iy 500 1050 500 1000 500 1000 .
e 500 1050 500 1000 500 1000 tifot 600 1250 600 1250 600 1250
LT3y 150 350 500 1000 500 1050 . cdbt 650 1300 650 125¢ 690 1200
103y 500 1050 500 1000 . 500 1050 bbt . 600 1250 600 1200 600 1240
nady 500 1050 500 1000 500 1000 ndot 600 1250 550 1250 600 1250
o = thiok 600 1000 650 950 700 1050
. ! J ki3 Kk 650 1050 650 1000 650 1000
a6Bx 650 1000 650 950 650 950
ok 700 1000 700 1050 650 1000
Segment [3] with tone [N}
1 2 3 . Segmer.t [8] with tone [~]
Word FI__F2 F3 rﬂ_ﬂ_ FI_Fe #3 - FL__¥#2__¥31_ 1 2 : 4
bulm 600 1000 600 1000 550 1050 | ¥ord FITTFT P3O FL_F2 P30 K ’g F~ P72 Fy-
) kiaBm ~ . 650 1200 650 1150 650 1200
tudn 600 1300 600 1300 600 1350 m@Gm 7001200 700 1250 700 1250
- cudn 650 1500 650 1350 - 650 1300
1030 ) 600 1350 650 1300 650 1350 miion 650 1000 650 1050 700 1100 -
tudy 600 1000 650 950 650 1000
buag 6001000 650 1000 650 1050
1udn 600 1000 650 1000 650 1050 Segment [ with tone [—]
1 2 3 4
word FI __F2 F3 FL__Fe T3 FI_Fe _F3 FI__Fz 73
. nusm 700 1250 750 1250 700 1200
Xi@n 700 1350 700 1350 700 1350
mugn 750 1350 750 1300 750 1300
guen T 650 1300 - 700 1400 700 1400
Segment [9] with tone [\ ST
\Word Pﬁé_ﬂ_ Fl_i%ﬁ‘z— Fi_Pg_ﬁT ﬁ—i‘g_—?T Kty - 700-1100 -~ 6501150 600 1100
thYeq . " 700 1100 700 1150 700 1100 zudy ' 700 1200 . 700 1250 - 700 1200
08y 700 1050 700.1050 650 1050
: . tudt 700 1300 700 1300 700 1350
cim't 700 1300 750 1350 750 1350
gt - 600, 1250 700 1300 700 1250
zif't 650 1300 650 1250 . 600 1250
t"@x 70’0 1000 650 1050 650 1100
ciBk 700 1100 750 1150 650 1050
‘ ) : K k 650 1050 700 1100 700 1200
; ‘ vk - 700 1100 700 1100 650 1050
Blank spaces indicste vhere preicise nqii&?c-;ntn;vlrl not obtlinubl;. 1wk . 700 1100 - 650 115lD . 700 1}50
O . . ‘ Co . ‘ o P
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FIGURE 2la
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CONCLUSIONS

After carefully considering all the data presented, we
came to several cunclusions regarding Vietnamese complex nuclei.
1) 1In Chapter 3, it was established that the first
cegments of the complex nuclei [IZ], {wZ], and [UB] could be
clearly assigned to the phonemes /i/, /w/, and /u/. It was then
demonstrated that the analysis of {3], [Z], and [6] as the
three separate phonemes /e/, /a/, and /o/ was that most con-
sistent with the phonetic phenomena. Experiments with the
complex nuclei in more varied environments as delineated in
Chapter 4 support this analysis as a valid one.

2) With regard to the question of whether the difference

".ia", "~-uh", "-ua" in final

between the sequences spelled
position and "-i&-", "-ubk", "-ud-" in medial position are so
great that they should be considered as two different phonemes,
we can say that our preliminary phonetic transcription of [13],
(uX], and [U6) for both sequences is supported. Although the
locatinn of the domains are shifted slightly backward in

closed syllabies, they maintain a relative distinctiveness,

and the differences anong the domains in closed syllables are

comparable to those in open syllables. If [3], [£], and [8]

are demonstrated as being three different vocalic qualities in

-92-




open syllables, they should be so analysed in closed syllables.
In closed syllables or open, spelled '‘-ia", "-ula", "-ua", or
".ié-", Y.ubX" | "-u8-", our phonetic interpretation of these
complex nuclei as [i3], [wE], [uB] is adequately supported by
the acoustic data.

3) Ve also noted that tone znd consonant influenee on
the complex nuclei is very similar t» that observed on the
simple vowels /e/, /3/, and /o/. Ae vas mentioned earlier,
there are also distributional characteristics associated with
/y/ and /w/ that make [3] similar to /e/, [6] similar to /o/,
and [Z) different from /e/ and /o/ and more similar to /a/.

Therefore, it is our conclusion that the complex syllable
nuclei are best analysed with [3] as an allophone of /e/, [%]

~as an allophone of /a/, and [8] as an allophone of /o/, making

the complex nuclei phunemically /ie/, /wa/, and /uo/.
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